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SMEATON AND RENNI 



The Commercial greatness of England is of almost as 
modem a character as its Engineering. England had very 


little foreign commerce before the middle of last century. 
It did not begin to assume any special importance until the 
steam-engine had been invented by James Watt. 

Tho Maritime greatness oMEngland is also of compara¬ 
tively recent growth. Alth< ugh the sea is now regarded 
as the national business of (Englishmen, scarco two cen¬ 
turies have elapsed since England was unable to defend 
her coasts against foreign pirates. 

At a tfme when Spain, Holland, France, Genoa, and # 
Venico were great maritime! powers, England was almost 
without a fleet, its trade with other countries being con¬ 
ducted principally in foreign hips. 

Until the middle of tho s xteenth century, the Foreign 
Company of Merchant Adv nturere monopolised almost 
the entire foreign trade of ! /Ondon. ‘ Their headquarters 
were in the Hanse Towns of \ termany, and they carried on 
n. t b 
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thoir trade with England under the protection of a special 
code of mercantile law. They occupied large premises in 
Upper Thames Street, London—where they had their 
Guildhall, dwellings, and warehouses, surrounded by a 
strong wall,—together with a wharf on the Thames.* 

The privileges of the foreign merchants were withdrawn 
in 1552, because they were considered prejudicial to the 
growth of native commerce; but what the state of the 
English merchant navy was about that time, may be 
inferred from the fact stated by the Seoretary to the 
English Company of Merchant Adventurers, that in 1540 
there wore not more than four merchant ships of above 
200 tons each, belonging to the river Thames I f 
Bristol, then next in importance to London, possessed 
several large foreign-built ships; but the principal craft 
belonging to that port was only of from 50 to 100 tons 
burden. In Queen Elizabeth’s time Liverpool was a poor 
decayed town, and petitioned, in 1571, to be relieved from 
a royal subsidy; the entire shipping of the place amounting 
to only 223 tons,—the largest vessel being only of 40 tons 
burden. 

It is astonishing, however,)to find what bold and daring 
tilings were done by the Englishmen who navigated these 
ships. Tho Bca-going blood was in them, and wherever 
the ship would float, the sd men were ready to go. Sir 
Humphry Gilbert crossed tke Atlantic, and sailed along 
the coast of America in tho r Squirrel,* of only 10 tons! 
Sir Francis Drake’s fleet, which left the English shores for 

----*r- 

t 

The Company was denomi- |S into doth in the Low Countries 
natel‘ “The Steelyard Company land Germany. The Cannon Street* 
of Foreign Merchants,” partly be- J Station now occupies the site of 
cause they imported nearly all the < the Steelyard Company’s premises, 
iron and steel used in England. The Hanse Towns Corporation con- 
They also imported all the spice, tinued to hold the property until 
fine cloth, silks, and other foreign within the last few years, 
commodities; the only article f Macpherson’s ‘ Annals of Com- 

which they exported being English merce,' ii. 85. [Ed. 1805.] 
wool, for the purpose of beingmade 
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the circumnavigation of the globe, consisted of five vessels, 
. the largest of which was not of 100 tons burden.* 

In those early days, the Companies of English Her* 
chants seem to have laid the foundations of our oolonial 
greatness. They were most enterprising in the discoveries 
which they promoted. Thus the Merchant Adventurers 
of the Muscovy Company endeavoured to find a way, by 
the North-East Sea, to Japan and China. The brave navi* 
gator Hudson made his first voyage into the Frozen Seas 
in an ill-found little oraft of about 80 tons, accompanied 
by a crew of twelve men and a boy. Arthur Pet and 
Charles Jackman penetrated to the Kara Sea through tlio 
Tugor Strait, in two little ships—one of 40 tons, with 
nine men and a boy, and the other in a boat of 20 tons, 
with five men and a boy. 

Martin Frobisher was another of these early maritime 
heroes. Under the patronage of some private persons, and 
of the Company of Foreign Merchants, he sot out, in the 
reign of Elizabeth, to discover the North-West Passage to 
China. ' His fleet consisted of two small craft of 24 tons 
each—scarcely the size of Thames yachts, and both poorly 
found—accompanied by a pinnace of 10 tons! And some 
years later—for "the discoveify - of the North-West Passage 
seems to have continued the; dream of mariners down to 


our own time—Robert Fothe^by, in 1615, assisted by tho 
East India Company and the Company of Foreign Mer¬ 
chants, set oiftp in the ‘ Richard/ accompanied by Robert 
Baffin as his pilot, to discover the same passage to glory 
and wealth. , . I 

The royal navy was bn a par with the mercantile; and 


* One of Sir Frauds Drake's 
ships, the 1 Golden Hind/ was 
used, until recently, as a Thames 
barge. Another interesting little 
vessel, the investigator/ of about 
150 tons, used to lie moored off 
Somerset House, where it vu 


used as one of the floating stations 
of the Thames River Poliee. The 
investigator' was the vessel in 
which Capt. Boss made his first 
voyage to the Polar Seas in search 
for the North-West Passage, 

b 2 



4 


SHIPPING AND HARBOURS. 


Chap; I. 


• 

at the time when the Spanish Armada bore down upon the 
English coast, it consisted of only twenty-three ships, 
eight of which were undgr 120 tons. There were only 
nine of 500 tons and upwards, the ship of the greatest 
burden being of 1000 tons, parrying only forty guns. The 
principal part of the fleet which held at bay'the Armada 
until the storms had scattered it, were coasting-vessels of 
small burden, belonging to Lyme, Weymouth^ and other 
poits along the southern coast. Of the whole Seventy-five 
vessels which constituted the squadron under the Lord 
Admiral and Sir Fiancis Drake, not fewer than sixty were 
from 400 tons down to as low as 20 tons. About the same 
period, the small but flourishing republic of Venice pos- 
Bessod a fleet of more than three thousand vessels of various 
kinds, carrying upwards of thirty-six thousand seamen. 

The English navy, however, made* gradual progress. 
Its growth was quickened by tho commercial spirit of the 
people. In 161.3 theio were ten vessels of 200 tons be¬ 
longing to tho port of Londoq. The suppression of the 
foreign monopoly of tho carrying trade had the effect of 
giving a considerable impetus to the English shipping 
business; and by tho year U640 we find the number of 
ships and sailors more than trebled, tve had not yet, 
however, obtained our projner asoendoncy. Y^n Tromp 
was still ablo to sail up the Channel with a broom at 
his mast-head, showing that me had swept bis English foes 
from off the seas. Tho Dutcl, in fact, then afsplayed those 
qualities of commercial enter prise, adventurous discovery, 
and fighting power at sea, c n which the English people 
now pride themselves. 1 

Tho Dutch not only beat ot rr fleets, btft fished our coasts, 
just as ihe English, Scotch,] and French fishermen now 
fish the coasts of Ireland; a: .d the Dutch then upbraided 
us for our idleness and stupidity, as we now upbraid 
the Irish. The writer of efapampblei published in 1614,— 
41 Tobias Gentleman, a flshbyman and mariner,”—pointed 
to the great amount of weillth yearly taken out of His 
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Majesty’s seaa by the Hollanders, whereby they had grown 
. rich and powerful, possessed of a great fleet, and werf able 
to*diot*te tem^'to the Spaniards; whereas the English 
coasting people were poor, idle, and negligent, and con¬ 
strained even to beg bread of the “ plump Hollanders.'* 
Tobias was indignant at seeing the foreigners, whose in¬ 
dustry add,, diligence he nevertheless praised, using our 
seas as a rich treasury, and di awing wealth from them as 
from A goldmine. Six hundxed Dutch busses, of some six 
score were employed in tho herring-fishery along 

the British' Coast,—from the mouth of the Thames as far 
north aft $I©t}and,—besides numerous others in the cod- 
fishery j protected by some twenty, thirty, and even forty 
ships of war to prevent their being pillaged by the Dun- 
kirkers, who were the ohief pirates of those times. 

That these Dutchmen should come into our markots and 
sell us our own fish, carrying away groat quantities of 
gold and fialVer, whilst English ships lay rotting, was a 
riling that, Hr* Gentleman thought, should not be borne. 
* It is much to be lamented/’ he said, “ though we have 
suoh a plentiful Country andjStore of able and idle people, 
that hot one Of His Majesty! Subjects is there to be seen, 
all the whole Summer, to tsh or to take one Herring. 
but only the North-sea Boms of tho Sea-coast Towns, 
that go to take Cods ; they cx> take ■so many as they need 
to bait their v !pooks, and no/more. Wo are daily scorned 
by these Hollanders fijr be iig so negligent of our Profit 
and careless w our Fishingl; and they do daily flout us 
that be the pool* Fishermen [of England, to our Faces at 
sea, calling to us and sayirt Ya English, ya tall or oud 
scone dragie n, which hi Enaish is this: Yon English, we 
will make yon glad 0 wear owl old shoes” * v 

From this qpriou* tract id would appear that much even 
of our commonest English u idustry is of modem growth; 
and that tho Barring fisharft which it might supposed 

Harleian MiaojllMiy,* iiL 878-90. 
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was indigenous in Englibd, is as modem as most other 
branches of employment. Down to about the end of last 
century the only fishing was conducted dose in-shore, The 
fishermen shooting the nets from their small cobles; and 
it was not until the year 1787 that the Yarmouth men 
began the deep-sea herring fishery.* ';/ 

Another remarkable feature of those early times was the 
piracy which prevailed round the English coasts. . The seas 
were as unsafe as the roads, and a system , of plundering 
passing ships was as common as that of robbing mail- 
coaches. Sea-roving doubtless ran in the blood of the coast 
population, themselves the descendants of the pirate North¬ 
men. There were many daring spirits amongst them* and 
when a bold leader started up and fitted out a ship to make 
a dash at Spanish galleons, or a descent on the French 
coast, he had never a lack of desperadoes to follow him— 
thorough-going seamen, equally ready to brave the storm 
and the battle—to face the hurricanes of the Atlantio in 
a cock boat, or to fight against any odds. Hence Scaliger, 
when describing the English of his day, said of them, 
“ They make excellent sailors and pirates”—“ Nulli melius 
2 >iraticam cxercent quam Angli.” \ 

Drake sailed along the Spanish main, sacked the Spanish 
towns, burnt the Spanish ships, and carried off their gold, 
although no declaration of War had yet" been made by 
Elizabeth against Spain. Drake's vessels were the pro- 


* ‘ An Historical Account of the 
Herring Fishery on the North- 
East CooBt of England* (small 
pamphlet). By Dr. Cortis. Feb. 
1658. 

t Gongnra, the Court poet of 
Spain, in* nis sonnet on the tomb 
of the Great Admiral Alvar Bazan, 
called** The Scourge of the Eng¬ 
lish,* wrote these words in 1588: 

“ Let all He»perla weep In woe and pain, 
Heaven’s wrathful sign in his sad lost 
displays. 


Whereby our island foe*, no more afraid, 
Look up, sad loach their pirate craft In 
vain." o 


Lnd in’ his ode on the Armada, 
rongora again says: 

\* Doubt not, t&ose English pirates Soon 
1 shall stain 

The green and whitening main 
With dark and crimsoa gore." 


Alvar Bazan was to have com* 
manded the Armada, but died be* 
fore it was ready for sailing. 
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pert/ of private persons, who sent them forth upon adven¬ 
ture on tile high seas; and there were not Wanting others 
’ totofollow his example, especially after war had been de¬ 
clared between the two countries. The records of the 
Corporation Of London contain some curious entries relative 
to the fitting out of ships, which were sent to sea, for the 
capture of Spanish galleons and the subsequent division of 
the spoil. In 1593 we find a richly-ladon carrack captured 
by Sir Walter Raleigh, and brought into the Thames a 
prise. Ori the 15th of November, in that year, a Com¬ 
mittee was Appointed “ on behalf of such of the City Com¬ 
panies as had ventured in the lato fleet, to join with such 
honourable personages as the Queen hath appointed, to 
take a perfect view of all such goods, prizes, spices, jewels, 
pearls, treasures, &o., lately taken in the carrack, and to 
make sale and division thereof.” * It appears that about 
12,0002. (then about four times the value of our present 
money) was divided amongst the Companies who had ad¬ 
ventured, and that about 8Q002. was similarly netted by 
them on a subsequent occasion. 

Similar ventures were often made, both bofore and after 
Raleigh's time. In Richard JL’s reign, one Philpot hiied 
a thousand men and sent them to sea, where they captured 
fifteen rich Spanish vessels, f ‘JJarry Page, of Poole, ravaged 
the coasts of Spain, France, and Flanders, bringing homo 
the plunder of many churches, numerous prisoners, and 
prizes laden with rich cargoes. 

But the piratical propensity was not only displayed 
against our continental neighbours, but by the seagoing 
population of ode town against those of another. In 1342 
Yarmouth and Hull sent /out a piratical fleet against 
London and Bristol; and; ports as near each other as 
Lyme and Dartmouth, in tpe adjoining counties of Dorset 

* * Corporation of the City f Roberta * Social History ol 
London Records,’ Journal ‘ the Southern Counties of Eng* 
foL rn. land.' 
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and Devon, waged deadly food and strove to capture eacb 
other's vessels.* 

The sailors of the Cinqne Ports were at war with th&e 
of Yarmouth, and in Edward I.*b reign, regular safe con¬ 
ducts were granted to certain Cinqne Ports vessels requiring 
to visit that port, as if it were an enemy’s. The Yarmouth 
men were even at war with those of Lowestoft, Camden 
relating of them that “ they often engaged fhefft. neigh¬ 
bours, the Lestoffenses, or men of Lowestoff, fy fifea-fighh, 
with great slaughter on both sides.” * 

Robert de Battaylo, of Winchelsea, plundered a passing 
ship belonging to some merchants of Sherborne; but the 
feat must have been regarded as creditable, for a f&fr years 
later his townsmen cliosfe him for their mayor. At the end 
of the sixteenth century three noted pirates—Hamilton, 
Twittie, and Purser—ravaged the coasts of the south-western 
counties. In 1582 Purser attacked the ships, both English 
and French, riding in Weymouth Harbour, and 'Carried off 
a Rochelle ship of 60 tons. But Weymouth itself also sent 
out piratical vessels, which picked up many rich prizes. 

Down even to tlio middle of the seventeenth century 
piracy was quite common along the Devonshire coast. 
The weakness of the royal fiavy is sufficiently obvious 
from tho fact that Turks anji Algerines sailed along the 
Channel, up the Severn, and ^nto the Irish Sea, oapturing 
ships; while the Dunkirk pirates assailed with impunity 
the east coast towns, from Do^er to Berwick-upon-Tweed. 
The Emperor of Morocco was hven bribed to cease from his 
piratical expeditions and to pri >teot British trade; and the 
bribe continued to be paid until the year 1680. Sea- 
robbers were masters of the Channel as late as the reign 
of Charles I.f ) 


* Roberts’s ‘ Social ^ History of 
the Southern Counties of England,’ 
p. 74. 

f In 1634, the Lords of the Ad- 
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When piracy was at last put a stop to along the JSnjjl&h 
coasts* the mors desperate pirates took semes under the* 
'Burk®, while many more sailed away to the West India 
Islands and tinned buccaneers.* Hugh Miller, in his 
autobiography, speaks of his great-grandfather, John 
^Peddes, Jm * one of the last of the buccaneers;" and he 
states that*the house in which he himself was bora “ had 
been bujlt, he had every reason to believe, with Spanish 
gold*? * 4 

Stbck^Sng the early state of British shipping, there was 
very ftjpkneed of harbours. The navigable tidal rivers 
were ^^HtOiply sufficient for the accommodation of the 
shippfc%/then of comparatively small burden, by means oi 
which trade was then carried on. London possessed a great 
advantage in her fine river, the Thames, up which the 
natural power of the tide lifted vessels of the largest burden 
into the heart of the land, and lowered others down again 
to the sea, twice in every twenty-four hours. The river 
served as harbour, dock, and depdt in one, and providod 
ample waterway, with abundant quay accommodation, 


lately committal in those parts by such a state of things that King 
Turks and pirates, insomuch as Charles required the tax of “Slnp- 
the poor fishermen dare not unit to money ” to be levied Parliament 
sea, add the inhabitants are afraid would have granted him tho 
of being taken in the night out money, but having chosen to levy 
of their housts. Further undei- it illegally, it shortly after led to 
stand, th*t"Ketelby being on the “ The Groat Bobelhon ” 

17th May Sent by Sir John Pew- * Even m later times tho prince 
mngton, with the Garland and twp of the Hebrides boro without 
Lion's Whel-g, tosgour the western scruple tho title of “ Arch-pirate ” 
coast and to suppress *the Turks The Barbary states also afford 
that lay between the Land's Ena examples of odious but not wholly 
and Solly, bd has neglected that savage communities, professing 
important service* and * * puooy os a trade, and the letters 
time in putting fine ) of marque of Europeans provo 

Sound ana other how eisy, even to ourselves at the 

hastenandsepur the^e*tar» parte, present day, is the suspension of 
especially between* TJshant, t% the fundamental principles of our 
Land's End and wh{de legal system, and the return 

lection of State Papers,' tataWfaTprivate^bery-i (Loppen- 

Edited by J Bruce.) It was i imidsj 
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which, sufficiently served the'purposes of trade down almost 
to our own day. 

Among the early ports, Bristol ranked next in import¬ 
ance to London: it was also provided with a convenient 
river, the Avon, up which ships wero floated by the tide 
to port. At the siege of Calais, in Edward ffl.*s time, 
Bristol fumishod almost as many ships and mariners as 
London; and it went on increasing in importance down to 
the end of the seventeenth century. Liverpool was then 
scarcely known as a seaport, and, indeed, was little better 
than a fishing village. Before the art of engineering had 
advanced so far as to enablo harbour walls to be built 
in deep water, the tidal rivers sufficiently answered the 
purpose of harbours. Honco London on the Thames, Bristol 
on the Avon, Hull on the river Hull, Chester (the principal 
shipping-port for Ireland) on the Dee, Gloucester on the 
Severn, Boston on the Withsam, and Newcastle on the 
Tyne. 

At Bristol tho ships lay upon the mud at low water, tho 
course of the river Froom having been turned, in early 
times, in order to make “ a softo and whosy (oozy) har- 
bouro for grete shippesand the habit of lying on the 
mud mado the Bristol ships so bulge and swell out, that 
until quito recently “ a Bristol hog ” could be reoognised 
by the practised sailor’s eye far off at sea. Bristol was 
only provided with floating docks at the boginning of the 
present century, long after Liverpool had overcome the 
difficulties of the currents in the Mersey, and provided for 
hersolf a system of docks, now considered superior to every¬ 
thing else of the kind in the world. • 

The ample line of the British coast, broken by innu¬ 
merable deep-water bays and in ets, also afforded consider¬ 
able convenience for the shipping of early times. The 
small size of the craft enabled them to be beached with 
ease, and the utmost that was done in the way of harbour 
works was to empty large stones roughly into the sea so as 
to form a breakwater or a pier at (ho harbour head. But 
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the sea was found a fickle and dangerous neighbour, and 
those early works were often washed away. Mr. Roberta 
{Jives the rough representation, shown in the annexed out, 
of the mode of constructing the ancient pier at Lyme 
Regis; and most probably the same method was pursued 
elsewhere. 



Ancient Manner of constructing Piero 


The rooks which lay upon the shore weie floated over 
the line of the proposed sea-work by means of casks, and 
.dropped into their places. Strong oak piles weie then 
driven into the ground along cither side of the locks for 
the purpose of holding them together. Great reliance was 
plaoed upon timber, and especially upon oak. 

The Cob or harbour at Lyme Regis * was so successfully 
put together in this way, that Queen Mary ordered the 
workmen to be impressed/ and forwarded to Dover, to 
execute a similar work for / the protection of the harboui 
at that place. They weie next employed at Hastings, 
where they reared a pier of huge rocks edgeways, but 
without timber. But the ^eas of the ensuing winter com- 

* The Duke of Monmouth, w/th tagenets (?) had been constructed 
followers, entered the port ot Lyme of stones, unhewn and unoemented 
m 1685. “ That town,” says Mi c- This ancient work, known by the 
aulay, “is a small knot of ste ep name of the Cob, enclosed the only 
and narrow alleys, lying on a coast haven where, in a space of many 
wild, rocky, and beaten by mileB, the fishermen could take 
steamy sea. The place was them refuge from the tempests of the 
chiefly remarkable for a frier, Channel.”—* History of England/ 
which in the days of the rlaif L 573. [First edition.] 
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pletely overthrew the structure; and again, in 1597, the 
workmen erected another pier, using mudh timber in cross- 
dogs, bars, and braces. The work was tbirtysfeet hj^h, 
“ bewtyfull to behold, huge, invariable, and dhppnoveablo 
in the judgment of all beholders; ” but on th$ next All 
Saints day a storm upon a spring tide scattered the whole, 
and to this day Hastings remains without a stone pier. 
Among the numerous fine natural harbours on the south 
coast were those of Portsmouth, Plymouth, Wbymeuth, 
Falmouth, and Dartmouth, all situated at the m^dths of 
rivers or bayB, as their names indioate. None jitf them 
had piors until a comparatively recent date*' th& only 
landing-places at Portsmouth and Southampton on 

“ the Hard.” The Cinque Ports, on the coast of Kent, 
were mostly beach harbours, and were constantly liable to 
be choked up by the gradual movement of the shingle up 
Channel; so that Winchclsoa, Bomsoy, and Hythe thus 
became completely lost. For tho same reason Dover was 
always a poit most difficult to be preserved. The shingle, 
rolling along the coast by the south-westerly grinds, 
blocked up the port by a banjk which extended n$p& east 
to west, until the pent-up inland waters, collecting behind 
it, forced their way to sea, thAis maintaining -an opening 
more or less partial. J 

Various attempts were madd to preserve Dover Harbour 
in early times, the most important improvements being 
those conducted by Sir Johns Thompson, mahter of the 
Maison Dieu in tho reign of Henry VIII. He enclosed a 
small basin with a quay by driving two rqWb of spiles into 
the sea bottom as far out as tho Mole Sock, and filling in 
tho interstices with blocks of slJpne and chalk. The stones 
were floated along shore fronj. Folkestone^by means of 
empty casks’, as at Lyme. It is said'that not less than 
50,0001. were expended on these! works but the imperfect 
manner in which they were constructed %&y be inferred 
from the fact that the sea very/ soon made several breaches 
in the wall and the pier, ana { the beach accumulated, as 
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before, all rouud the bay, so that a bdat drawing 
feet of watsr^itfd wrcely enter the harbour. 

"Fqreigh dugfoeers were then called in—amongst oth^s, 
Ferdh^aftd ppqifl, a Fleming, and Thomas Diggs, who hhd 
studied^bafboUr constiuction in tlie Netherlands; and 
various actions were made by them to the works in the 
reigns of Elizabeth and James. The harbour was always* 
however, in danger of becoming silted up down to our 
own times; and the improvement of it formed the sub¬ 
ject dfeijJjpeated reports of Perry, Smeaton, Bonnie, and 


Along the east coast of England, the early harbours 
were few and bad. Thoitesby relates that in his time 
(1682) 'Whitby, in Yorkshire, possessed a harbour formed 
by a rough <Juay projecting at the mouth of the river; 
but he adds that there was no other haven for ships be¬ 
tween that place and Yarmouth, in Norfolk. Yarmouth 
has, Bkft Dover, been thej subject of much unavailing 


engineering, in consequence of the peculiar difficulties of 
its situation. It stands on) the banks of the rivors Yare 
and Bxirr, from the foimer >f which it received its name. 


It was always liable to bo silted up by the sands which 
abound along shore. Nevo theless it continued to main¬ 
tain some trade; and dowii to the time of Homy VIII, 


it was regarded as the m )st important maiitime town 
along th0 east coast. But f ko channels leading to it were 
so liable to become choked irp, that its prosperity was very 
irregular, and sometimes its navigation was all but lost. 

The Yarmouth people wore reduced to eveh greater 
straits than ordinary in ther reign of Elizabeth, when they 
adopted th«M usual expedient of sending abroad for an 
engineer of Reputation to {recover their navigation; and 
Joyso JohnMU/h c^lebrat " man in his day, came over 
from Holland ^ JJijeef fhk works. He caused a strong 
{der qf piles v had the effetat pf directing 

the current in rjmh| tap# , iu a north-e^ eterly direction, 
as to give a M The difficulty, however, 
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was not surmounted, as we still find the inhabitants 
fighting against the sea-banks which hemmed m the port, 
during the reigns of James and Charles, and even daring 
the Commonwealth; until eventually a south pier was 
formed, the continuation of which, in a fine curve, was 
earned up the nver, and formed an extensive wluif, 
affording considerable accommodation and s^euiit^ ioi 
shipping. The onginal north pm was sutaequt ntiy 
abandoned, and a now north pn i w is ucctcd, on a plan 
chiefly intended to assist m waipuig ships into tho 
harbour 
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became one of the principal landing-places on the east 
coast. Exiled sovereigns landed there to seek the shelter 
of England, and embarked there ro seek the returning 
loyalty of their subjects. Nelson twice landed there, 
amidst enthusiasm, to receive the embraces of his coun¬ 
trymen. 

Tho English docks, which are now tho pride of English 
engineers, have for tho most part boon * ns true tod during 
the present century. Liverpool sot tho example of dook- 
making at the beginning of last century, and it has 
continued to keep the lead of all tho other towns and 
cities to this day. Tho first dock constructed in Great 
Britain was “Tho Old Dock” at Liverpool, under the 
powers of an Act passed in tho eighth year of Queen 
Anne’s reign,* when tho population of tho town was undor 
6000 in number. Tho Liverpool people woro perhaps 
forced by necessity to make tho dock. Sandbanks were 
closing up the Dee, and driving tho little shipping thoro 
was from Chester to Liverpool. But tho ships, when lying 
in the rapid current of tho Mersey —which was also ex¬ 
posed to the heavy gales from tho wostward -could not 
easily be unloaded ; and it was consequently found ne¬ 
cessary to mako inlets or docks along the strand, for tho 
purpose of giving tho ships shelter during tho process of 
loading and unloading. Jhaico tho first Act to provide 
Liverpool with a dock. It not only afforded 652 feet of 
quay space for tho shipping,' hut it was shut in from the 
tides by means of dock-gates, and was consequently a 
floating dock. Li 1760 the' Salthouso Dock was opened,. 
and still *later the (jreorgo’s j Dock. Dry docks were also 
provided, open to each tide, ['and these are now mostly used 
for the purposes of the coasting-trade. 

The King’s Floating Do^k was oponed in 1785, and the 

* 8 Anne, chap. 12: a Public' wards the History of Leverpool, 
Act. It was long before the Oldj that it must have been opened by 
Dock was finished; 'but we learn the year 1728. 
from 'William Enfield’s * Essay to-| 
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Queen’s Book in 1789. ThAn followed the gjreat, Prinoe's 
Bock, which was opened in 1821, when &ta Qld Book, 
which could only accommodate smaller ships, tfj|&|died ilp, 
and the modem Custom House was erected ota,fbmte» The 
docks, which havo since then been constructed juftB&erpool, 
are of immense magnitude. They occupy about 800 acres, 
and are able to accommodate shipping of more than five 
millions of tons burden. 

There was no publio dock on the Thames until the be¬ 
ginning of the present century. There were twp private 
docks: one, the Greenland Bock, for whaling shipS; the 
other, Mr. Pony’s dock, for the accommodation of Hast 
India ships. The Greenland Dock is said to have ipoluded 
the commencement of Canute’s Trench, stated, OU the 
authoiity of Stow o, to havo been cut early in the eleventh 
centuiy from thence to Battci sea. Mr. Perry was a ship¬ 
builder, who con&tiuctcd Ins private dock at Bladkwall, 
for the purpose of getting the East India shipping but of 
the river, and placing them, and the traffic they contained, 
undoi lock and koj. ^ 

Before there weie any public docks on the Th&mpS, the 
meichandise was kept afloat in barges, for want? of room 
to dischargo it at the legal q^uays. An Indiaman of 800 
tons could scaicely bo delivered of her cargo in less than % 
mouth, and tho goods had than to be lightered from r|tack 
wall nearly to London Bndde. In addition to tlftPxapid 
increase of foicign trade towards the end df la&t century, 
there was also a lapid incieasr in tho coal trade* 

A strong piejudico had long, existed in Jjondonand else¬ 
where, as to the use of “ sca-cJal.” Edward I. istaed a pro¬ 
clamation against its use, andXa man was a^t^aUy hanged 
during Mb reign, for committi ng the crime of fuming it 
within th}’limits of the CityJ But as became 

consumed for the production or “ domestic 

purposes, and for iron-smeltinj g * al4rnative 

* The destruction of the woods/wad a of lamentation with 
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but to fall back upon tlie rich stores of coal found in the 
. northern parts of England. 

TThen it was that the Newcastle coal shipping-trade 
sprang into importance, and has ever since proved the 
principal nursery of our seamen. The fleets of colliers 
entering the Thames, added to the other shipping, caused 
a great throng of vessels in the river; and what with the 
coal-lighters and merchandise-barges,—which carried the 
goods and coal up the river,—and the warehouses and coal¬ 
yards on shore, it became a very crowded and often a very 
confused scene. The merchandise, borne from the vessels 
to the warehouses, became liable to serious depredations; 
and the losses from this causo, as well as the over-crowding 
of the river, at length led to the provision of floating docks 
at various points, and to a further vast development of the 
port of London. 

The Thames was, for a long time, not only the harbour, 
but the great silent highway of the Metropolis. The city 
lay mostly along tho banks of the river, and the streets 
and roads long continued so bad, that passengers desiring 
to proceed eastward or westward, almost invariably went 
by boat. There were also ferry-boats constantly plying 


the poets 01 the time. George 
Withers, in 1634, tells us with 
what feelings he beheld 

“ The lisvoo and the spoyle. 

Which, ev'n within tbs compass of my 

day eg, 

Is made through every quarter of tins lie— 
In woods and jjrovea, winch were this 
kingdom s prfw£” 

Stowe, also, in his 4 Annals, 1 says: 
“At this present, through the 
great consuming of wood as afore¬ 
said, and the neglect of planting 
of woods, there is so great scarcity 
of wood throughout the whole 
kingdom that not only the city of 
London, all haven towns, ana in 
very many ports within the land, 


Jhe inhabitants in general are 
ained to make them fires of 
fcea-£ ml or pit-coal, oven in the 
chambers of honourable person¬ 
ages ; and through necessity, which 
iis the mother of all arts, they have 
of very late years devised the 
making of iron, the making of all 
sorts of glass, and burning ot 
brick, with sea-coal or pit-coal. 
Within thirty years last, the nice 
damos of London would not come 
into any house or room where sea- 
als were burned, nor willingly 
.t of the meat that was either * 
or roasted with sea-coal fire.” 
'Stowe's * Annals/ by Homer. 
ndOn, 1632, p. 1025.) 
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from side to side of the river, and so long as London 
Bridge presented the only means of crossing by coach 
or on foot, the number of persons daily using the femes 
was necessarily very considerable. A horse-ferry* {died be¬ 
tween Lambeth Palace and Millb&nk, the tolls <Jf which 
belonged to the Arohbishop of Canterbury, and there was 
another across the river at Hungerford, both being ren¬ 
dered comparatively unnecessary when the second bridge 
was erected at Westminster. The extent of th£ river 
traffic may be inferred from the circumstance Stated by 
Stowe, that in his time the Watermen’s Company oOuld at 
any time furnish twenty thousand men for the fleetr But 
as the streets of the metropolis were improved* as more 
bridges were built, and when the use of coaches had ex¬ 
tended—against which tho watermen strongly protested— 
their numbers rapidly diminished, until at length they 
havo almost become extinct. 


Whilo the engineering and shipbuilding of England 
wero in so back wax d a state, comparatively little* use was 
made of the sea for tho purposes of travelling. The state 
of tho loads prevented travelling by land; the state.of the 
ships prevented travelling by sea. Travelling by road 
was accompanied by tho risk of highway robbery, and 
travelling by sea was accompanied by the risk of piracy 
and shipwreck. 

At the present time, when a steamship can'make the 
voyage between England and Australia with such regu- 
laiity that you may count uyon her arrival almost within 
three days, and when steamers of thousands of tons bur¬ 
den sail almost daily between New York And Liverpool, 
and their arrival may be depended upon to a day and 
almost to an hour, the losis of time in long and even 
short voyages, would now the regarded as something ex¬ 
traordinary. A passage mmbt be made in a Leith smack 
between London and Edinburgh in four or five days; but 
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during contrary winds, it might last for three or four 
weeks; exul the smack might in the meanwhile be driven 
cfter ?»sets of Norway. At the beginning of the 

preegpj| jgp.Wy it took six weeks to bring the North Cork 
regte^t Of militia from Cork Harbour to Colchester. 

Th#e was a considerable difference in getting from 
Lond&t to the Continent in the old times and the new. 
The ancient Continental route used to be through Graves¬ 
end k 2$anor, belonging to the Abbot of Tower Hill, who, 
“finding that by the continual recourse to and from 
Calais* the passage by water between London and Graves- 
end much frequented, both for the great easo, good, 
cheap* And, speedy transportation (requiring not one whole 
tide)* piade offer to the young King Bichard tho Second, 
that if h9 would be pleased to grant unto the inhabitants 
of Gravesend and Milton tho privilege that nono should 
transport any passengers by water from Gravesend to 
London but they only, in their own boats, then should 
they, of these two parishes, undertake to cairy all such 
passengers, either for twopence each one with his farthell 
(a truss of straw) or otherwise, making the whole fare or 
passage worth four shillings.” * To this proposal the King 
consented, and hence the route £o and from the Continent 
long continued to bo by Gravesend. Ambassadors to the 
Court usually took boat at Gravesend for London; and per¬ 
haps a finer entrance into the gieat Capital of the kingdom 
could not have been selected; 

The Comfort* of tho Long jFerry for the commoner, soi ts 
of people oould y>t, however, have been very great. The 
passengers were required t</bring with them their respec¬ 
tive trusses of Straw to lie In. They were also, when the 
tide was low, under the necessity of landing in the mud a 
mile or two short of theijj destination, and either wade 
their way to^shore or pay f^r being carried thither on the 

* ‘ A Porarobtaiaffon 6f\£enil By William Lombard*, of Li» 
coin's Inn, Gent. Lonctta, ltififilp. 534. 

c 2 
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backs of mud-larks. The boatmen only rendered them¬ 
selves liable to a penalty, if they landed the passengers 
more than two miles short of their destination I 0 

Fielding has left an account, in his * Voyage toXisbon,’ 
of the tediousness and discomfort of voyaging, about the 
middle of last century. His ship was fixed to sail from 
opposite the Tower Wharf at a certain time, when Field¬ 
ing, ghastly and ill, was rowed off to it in a *wherry, 
running the gantlope through rows of sailors and water¬ 
men, who jeered and insulted him as he passed. The ship, 
however, did not set out for several days, and Fielding 
was compelled to spend the intervening’ tfm§ “Hf^Eie'con¬ 
fines of Wapping and Bedriff. The vessel at lepgth 
sailed, and, reaching Gravesend, anchored for the night. 
Next evening they sailed for the Nore, and the day liter 
that they anchored off Deal, and lay there for a week. It 
took four days more to boat down Channel to Byde, where 
Fielding was landed in the mud fifteen days after his 
embarkation at the Tower; and a long, long time elapsed 
before the termination of his voyage at Lisbon. 

When coaches began to run upon the improved road be¬ 
tween London and Dover, passing by Blackheath and Dart- 
ford to Bochcstor and Canterbury, the principal part of the 
continental traffio was diverted from Gravesend, though 
the comfort of the journey docs not seem to have been 
very much improved. Smollett gives a rather dismal 
account of his progress from London to Boulogne in 1763, 
which presents a curious contrast to the facilities of 
travelling by the modem Boulogne stepm route. After 
tediously grumbling his way through Bochester and 
Canterbury, fleeced by every innkeeper on the road, he at 
lastjmched Dover in a very b^d temper. Be pronounced 
the place to bo a don of thieve®, where the people live by 
piraoy in time of war, and fby smuggling and fleecing 
strangers in time of peace. The did them the justice, how¬ 
ever, to admit, that “they make no distinction between 
foreigners and natives. Without all doubt a man cannot 
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be much wors6 lodged and worse treated in any part of 
• Europe; nor will lie in any other place meet with more 
flagrant instances of fraud, imposition, and brutality. 
One Would imagine they had formed a genoral con* 
spiraoy against $11 those who go to or return from the 
Continent.” 

But Smollett's troubles had scarcely yet begun, as he 
found tcThis cost before he reached Boulogne, lie sent for 
the master of tho packet-boat—a comfortless tub, called a 
Folkestone cutter—and hired it to carry him across the 
Strait for six guineas, tho master demanding eight. “ Wo 
embarked,” he says, “ between six and seven in the evening, 
and found ourselves in a most wretched hovel. Tho cabin 
was So small that a dog could hardly turn in it, and tho 
beds put me in mind of the holes described in some cata- 
combs, in whioh the bodies of the dead were deposited, 
being thrust in with tho feet foremost: thero was no 
getting into them but endways, and indeed they seemed 
so dirty, that nothing but extreme necessity could have 
obliged me to use them. We sat up all night in a most 
uncomfortable situation, tossed about by the sea, cold and * 
cramped, and weary and languishing for want of sleep. 
At three in the morning tho master came down and told 
us we were just off the harbour of Boulogne; but the wind 
blowing off shore he could npt possibly enter, and there¬ 
fore advised us to go ashore in the boat.” 

Smollett went on deck, when the master pointed out 
through the spray raised by Iho scud of tho sea where the 
harbour’s mouth *4ayf The passengers were so impatient 
to get on shore, that after p ,ying the captain and “ grati¬ 
fying the Crew ” (whioh was 'no easy matter in those days), 
they committed themselves the ship’s boat to be rowed 
on shore. They had scarce y, however, got half way to 
land, before they perceive* a boat coming off to meet 
them, which the captain Oonounced to be the French 
boat, and that it would be necessary to shift from the one 
small boat to the other in tile open sea, “ it being a pri* 
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vilege of the boatmen ofBoulogne to Carry all passengers 
ashore.” . ”. , 

Smollett then proceeds:— “ This was no time OT*jtiaee to 
remonstrate. The French boat came alongside^ Sro filled 
with water, and we were handed from the t one tO" tip Other, 
We were then obliged to lie upon our oars till th^O^tain’s 
boart went on board, and returned from the shiO’rfiih a 
packet of letters: we were then rowed a long in 

a rough sea, against wind and tide, before We ifeidhBd 
the harbour, where we landed, benumbed with oeld^ttnd 
the women excessively sick. From our landing-p!$C We 
wore obliged to walk very near a mile to the lgN^ij&&re 
we purposed to lodge, attended by six or seven £hd 
women, bare-leggod, carrying our baggage* Thk boat 
cost mo a guinea, besides paying exorbitantly the tfeCple 
who carried our things; so that the inhabitants of PBver 
and Boulogne seem to be of the same kidney, and indeed 
they understand one another perfectly well.”* -> f 
The passage of the ferry between England And Fl&hce 
continued much the same until a comparatively f&ent 
* peiiod; Fowell Buxton relating that as late as the^ear 
1817 the packet in which he sailed from Dover to B^legne 
drifted about in the Channel for two days and iwd^^hts, 
and only reached the port of Calais when every m£rn&l of 
food on board had been consumed. Steam hall 1 ' 
altered this state of things, 4 s every traveller v knpWs V^and 
the same passage is now easily and regularly mad® four 
times a day, both ways, in about two hours. 

The passage of ferries in toe northern(parts bf England 
was equally tedious, uncomfortable, and often <£gngerous. 
In * A Tour through England/ in 176$/ it i$ that at 
Liverpool passengers were canned to and frdff , ferry¬ 
boats which plied three times )a day to the ofllfciflte shore, 


on 


the backs of men, who Wade knee-deqf> mud, to 
take them out of the boats.” r v k * 


■t? 


* Smollett's ‘Travels through L France and'Letter 1. 
June 23rd, 1763. 





Chip. I BRISTOL CHANNEL FERRY, , 

Betwegh Ht| 3| and Batten a packet plied one© 

. 'across As $&anhef, the travellers wading to the ’btote 
fcrtqrVeach of mud; but whether the voyagb 
ptr two hours or a day, no one could predict 
rSdng. If the weather looked threatening, 
ers would take up their abode at the miserable 
Barton side until the wind abated. Now the 
^regularly and frequently performed evory day, to 
New Holland, in less than half-an-hour. 

} of the Frith of Forth was also a formidable 
h voyage to Fife was often full of peril. The 
toKinghorn or Burntisland was made in an open 
y^nnaee, and the boatmen usually waited, it might 
s, until sufficient passengers had assembled to 
The difficulty of passing the Foith ferries was 
by Mr. Bonnie as late as 1808, when returning 
aoto£$1|ie Frith from Petty cur, where ho had been ex¬ 
amining the harbour with a view to its improvement for 
the ^Sbelrlboats which plied between there and Leith. 
“ Tlj^windf blew fresh,” he says, “ fiom about three points 
wes||^d of south, and aftor beating about in the Frith 
for nearly three hours, we were obliged to return to Petty- 
cur; jkid, to save time, I went round by Queen's Ferry,” a 
planning miles to the westward, from whence it was three 
milto^jKUOSs the Forth, and then other nine miles to 
Edit&cprgh; the distance directly across from Pettycur 
being seven miles. This state of .things, wo need 
scarce^ add, has been entirely altered by the facilities 

afforded by modem steam na/figation 
Tfi© _ t-P - T\ • J i mi 

certain 
i he 

* Observ 
the 

signal to' 
usually 
cattle and 


voyage 



of the Bristol Channel was equally un- 
us. Gilpin gives a graphic account of 
from Cardiff in 1770, in his 
the Biver JWye.’ On descending towards 
the ferryman winding his horn, as a 
the horses. The old ferry-boat was 
ith falling ends for the admission of 
ftDjd where the ferry waa across 
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a river, there was usually a chain passing along the side 
of tho boat on pulleys, and fixed to each bank, by which 
it was hauled across. But from Cardiff to tho other side 
of the Bristol Channol was several miles, and it was ac¬ 
cordingly rather of tho nature of a voyage. The same 
morning on which Gilpin crossed, the ferry-boat had made 
one ineffectual attempt to make the fartlior side at high 
water; but after toiling throe hours against tho wind, it 
had lieen obliged to put back. 

When the horses were all on board, tho horn again 
sounded for the passengers. “A very multifarious com¬ 
pany assembled,” says Gilpin, “and a miserable walk we 
had to the boat, through sludge, and over shelving, slip¬ 
pery rocks. 'When we got to it we found eleven horses on 
board and above thirty people; and our chaise (which wo 
had intended to convert into a cabin during tho voyage) 
hiung into tho shrouds. The boaf, after sorno struggling 
with tho shelves, at length gained the Channel. After 
beating about for near i wo hours against the- wind, our 
voyage concluded, as it began, with an uneomfoftablo walk 
backwards through the sludge to higli-water mark.” 

The passage of this ferry was often attended with loss 
of life when tho tide ran strong and tho wind blew up 
Channel. Moreover, the ferrymen wero by no means skil¬ 
ful in the management of the boat. A British admiral, 
who arrived at one of these ferries, and intended to cross, 
observing the boat as she worked her -way from the other 
side, declared that he durst ijot trust himself to tho sea¬ 
manship of such fellows as rajpiagcd her; and, turning hig 
horse, he rode bomo fifty miles round by (Gloucester! 
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CHAPTER IL 

Beacons and Lighthouses. 

Like our docks and harbours, our lighthouses aro among 
the youngest triumphs of modern engineering. Everything 
in England is young. We are an old people, but a young 
nation. Our trade is young; our mechanical power is 
young; our engineering is young; ami tho civilisation of 
what aro called “ tho masses ” lias scarcely begun. Not 
a hundred years have elapsed since tho best prize that 
could bofall tho barbarians of Devon and Cornwall was 
a rich shipwreck, and when false lights were displayed on 
shore to lure tho passing vessel to its destruction.* 

The lighting tip of our coast by means of beacons and 
lighthouses for tho purpose of insuring greater safety 
to ships approaching our shores by night, received very 
little attention in early times. So long its the mercantile 
navy was comparatively insignificant, and the amount of 
our foreign trade was hut small, the lighting* up of our 
shores after dark was of much less importance than it 
is now. 

It was only when tho commerce of the country began to 
developo itself—when onr morcliants sent out their vessels 
richly freighted to all parts ^f tho world, and the sea was 
made a great highway for English trade .md commerce— 
that it becamo at matter of absoluto necessity, as well as 


* The inland people about Mortal i 
(North Devon) are u merciless tot 
wrecked vessels, which they con-/1 
sider their own by immcinorialy 
usage, or rather right divine! 
(Significant how an agricultural* 
people is generally as cruel to 
wrecked seamen, as a fishing one 
is merciful. I could toll you 


twenty stories of tho hnysmen 
down thin* by the westward link¬ 
ing themselves liko very hemes to 
save strangers’ lives, ami beating 
off the labouring folk wlr swarmed 
down lor plunder fioni the inland 
hills.” (ilov. Charles Kingsley, 
‘Prose Idylls.’ 2G1.) 
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of simple economy, to render the sea highway as safe as 
possible, by plantinglight houses upon all the dangerous 
rocks and headlands round the coast. * 

The idea of the Lighthouse is, of courso, veiy old. The 
ancient commercial nations were familiar with its use. 
They erected a tower on some dangerous part of the coast, 
which was a landmark by day and a lighthouse by night. 
The Phoenicians, though they did not go far out to sea, 
but crept cautiously along shore, had marks by which 
they could easily sail along from one part of the shore to 
another. The Colossus of Rhodes is supposed to have been 
a gigantic brazen statue, surmounted by a hand bearing a 
lighted chauffer, for the guidance of the shipping entering 
the port. 

The most distinguished of the early lighthouses was that 
erected on the Island of Pharos, at the mouth of the Nile. 
The island is now connected with the mainland* and forms 
the site of the modern Alexandria. From that early light¬ 
house, all subsequent ones built by the Homans were called 
after the name of tho island—Fharos. Many were erected 
along the most frequented parts of the Latin coast. One 
of tho most rcmarkablo was lhat built by Claudius at 
Ostea, tho chief port of ancient Kome. Pliny mentions 
those built at Ravenna, Pozziola, and Messina;, and also • 
the Pharos of the Isle of Capri, which was overthrown by 
an earthquake a few days beforo the death of Tiberius,* 


* It it* also related tlmt there jewel wap offered to him for pnr- 
were illegitimate lights shown by chase, ho led the dealer to a win- 
the barbarians of tho coasts, who, dow of his castle, and, showing 
like the Comishmen, showed false him a rock in the tideway, 
lights for tho purpose of luring assurod him that the*, black stone 
passing ships to their destruction, iie saw was more valuable than al. 
It is not long since wrecking was /the jewels in. his casket. More 
a common practice along our south (valuable was the harvest of ship- 
coast, as well as along die coast of /wrecks to that ancient Breton, 
Brittany, in France. j than the much less gainful pur* 

It is related of one of the Breton ' suits of honest industry. 

Counts, St. Leon, that when a 
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The most important lighthouses erected by the Bom&ns 
• in the North of Europe were those erected on tlio heights 
above Boulogne, and on the heights above Dover. Their 
object was to light vessels pabsing across the Channel 
from one port to the other, and also those passing from 
the coasts of France to their stations at Portus Butupia? 
(now Bichborough), near Sandwich or to Begulbium (now 
known as Bcculvers) on tho Thames, by way of the 
channel which then separated tho Isle of Tlianet from 
the mainland. 

The tower at Boulogno is supposed to have been erected 
by Caligula. Tho original name was the Turns Ardens , 
but this eventually became corrupted into Tour d’Ordre 
It was repaired by Charlemagne in the ninth century, 
and continued to exist until tlio sixteenth centurv, when 
Boulogne was in the hands of the English. It was then 
surrounded by ramparts, and provided with artillery, 
which were used to command tho tow n and tho entianco 
to the port. Quarries have been dug out wlieio it stood, 
the cliff has also fallen away, and tlio site of tho Tour 
d’Ordre Jias long been destroyed. 

From a description of the Pharos loft by Claude Cha- 
tillon, engineer of Henry IV., it would appear that it 
was built about a stone’s throw from the edge of tlio cliff, 
above ftnd overlooking the high tower and tho castle. 
The tower was octagonal in shapo. At tlio babo it was 
192 feet in circumference, and about 64 in diameter. 
It was constructed of groy stone, with thin red brick, 
and yellow stores .laid across at intervals. It was 
built in ‘two stories, each retiring about a foot and 
a half inside the other, so that it had, in borne measure, 
tho form of a pyramid. Each story had an opening 
towards the sea, of about the bize of an ordinary door. 
There is also supposed toj have been a chamber to 
contain tho light, above the) two stories, which, however, 
had ceased to exist at the dato at which it was examined 
by M. Chatillon. 
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The sister Pharos at Dover is of a similar character to 
that which existed at Boulogne. It is also of Roman 
build, as is appaient by the foundations being laid in a 
bed of clay, and by tlio Roman tiles, of the usual depth, 
laid in tiers across tho work, and falling into oach other 
like a half-dovetail, thereby rendering them close and com¬ 
pact. Tho Pharos occupies tho highest point of the lofty 
rock on which tho castle is built, and commands the English 
Channel as far as the eye can bee. The coast of France, 

with Cape Grinez in 
tho foreground, lies 
exactly opposite. The 
tower is octagonal 
without, and square 
within. At the baso 
it is about 33 feet in 
diameter, and, ori¬ 
ginally, it may have 
been about 72 feet 
high. At tho summit 
it has three round 
holes on tho three 
exterior sides, evi¬ 
dently for the purpose 
of a look-out, or for 

showing a light sea- 
IW, IWQ«, 0 . wardB> 

Bede seems to have been under tho impression that 
tho Romans, during tlicir lung stay* in# Britain, erected 
lighthouses at different parts of the coast. Thus"ho inter¬ 
prets Streonbhalh (tho name of Whitby, in Yorkshire, 
in his time) into Sinus Fari, tho bay oi the lighthouse. 
Tho Romans had a road from York to Dunum Sinus, 
now Dunsley Bay, a few miles to the north-west of 
Whitby ; and on an eminence in tho midst of the village 
of Dunbley there still remain the ruins of a building 
which at one time may have been the guide-tower to 
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the navigation, and thus gave rise to Bede’s name of tho 
.Bay.* 

liede also relates that, before the Romans left, they built 
towers along tho sea-eoast to tho southward, because there 
also the irruptions of tho barbarians were apprehended, 
“ and so they took leave of tlicir friends, never to return 
again.” f The southern coast of England was in thoso 
days subject to the frequent attacks of Frisian and Saxon 
pirates—and hence the appointment, during the Roman 
days, of a Duke of the Saxon shore—which shore included 
the opposite coasts of both Franco and England. Tho 
towers may have been erected along tho English shore, as 
our Martello towers wero erected some soventy years ago— 
and they may, possibly, have been used as lighthouses for 
the purpose of warning the people inland of tho appear¬ 
ance of the pirates^ but this is merely a supposition. 

Many centuries elapsed after the Romans had left Eng¬ 
land, before anything further was done to light up tho 
coasts by night. Thero was no necessity for doing so. 
The country had no commerce, no shipping, and was very 
thinly peopled. What civilisation the Romans had left 
was rapidly dying out. Then foreigners began to land 
from the opposite coasts. Tlioy planted themselves firmly 
on the soil, and made Britain their home. It took a long 
time for them to grow into a maritime people. They 
merely came across in boats from the neatest points of tho 
opposite coast; and, with a lair wind, the voyage might 
be made in daylight within a few hours. 

^ m 

* Tho pillage in Bode (Hist. 1 the Lest v\ t it< rs make the proper 
Eceles. Gcntis Anglorum, i. cap. i reading to be “ farus.” 
xi.) is as follows:—“ Habitabaut f hod et m litore oeoaui ad Me- 

antem [Romani] intra vallum , ridiem quo naves eornm liabeban- 
quodSuverumtrausiusulamfmsso tur, ijm.i et mdo Barharorum m- 
oommemoravimus, ad plagam Me- j ruptio timebutur, turros per mter- 
ndianam, q Td civitatet,, funis, If valla ad prospect urn mat is collo- 
pontc«, ol strata, ibidem fact.® I| cant, et valedicmit soeiis tanquam 
usque hodu. testantur.” The word | nlt r a non re vers mi. (Bede, ‘ lint 
“ farus ” has by some been tran- jEcclos. Gent. Angl./ i. cap xii.) 
scribed as “fores” or “fana;” but ‘ 1 
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* 

It was not until the piratical Northmen began to cruise 
along our shores, that beacons and firo-towers began to l>o. 
erected along the coasts, sometimes by the natives to wdru 
the people inland against their arrival, and at other tunes 
by the pirates themselves to guide them on their way. 
Tho Norsemen knew every headland along the coast; and 
tho names they gave them are retained to this day. From 
Dungeness and Grinoz in tho south, to Caithness in Scot¬ 
land, and the Nazo in Norway, the names of the headlands 
round the German Ocean are mostly of Norse derivation. 
Tho Northmen were among the first to navigate the Irish 
Sea, and along tho west coast of England and the east 
coast of Ireland, they gave names to most of the pro¬ 
jecting headlands along the coast. 

Near tho entrance to the river Boyne, thorp is a solid 
mass of masonry known as “ The Fingefran ancient land- 
murk, and probably a firc-Lcacon, erected by tbe North¬ 
men, who then held possession of Dublin, of Wexford, of 
Witter ford, and of Limcruf and had extensive colonies 
settled. in different parts df Ireland. On the opposite 
coast, in England and Wifcles, they had similar beacons 
and fire-towers. Near St. jAnn’s Head, at the northern 
entrance to Milford llaven, fin Witles, there are the remains 
of an ancient beacon and "ighthouse, which was all the 
moro necessary to give ligl^t to the Norse ships entering 
the port,—os Milford IJav< . n was the favourite piratical 
station of the Northmen, frj , m which they made their do- 
scents upon Ireland, or on tlic * Western Counties of England 
from Cornwall to Gloucester 

Tho Northmen had also settlements in tho Isle of Man 
and the Northern Counties yf England. At the entrance 
to Morecambe Bay there is a small island called the Isle of 
Walney, at tho southern end which is a place still called 
Pool, It was originally so called because of a pile or tower 
that served for a lighthousjo to guide the Northmen on 
their voyages from tho Idjfa G f Man to Lancaster; and 
the neighbouring hoadland became known as Fire ness or 
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Furness, which it retains to this day. Flamborougjh, on 
• the eastern coast of England, was also in early times used 
by the Danes or Northmen as a lighthouse; and the name 
speaks of the rude fires of coal or wood that used to 
“flame” by night on that dangerous headland.* The 
Danes held a large area of nearly three thousand acres, 
enclosed by a formidable rampart—still called the Danes * 
Dyke . They most probably occupied it permanently, or, at 
all events, between the successive arrivals of their fleets; 
when it was necessary to light up the headland to direct 
their ships to the landing-place situated in the bay imme¬ 
diately under the Iload. 

South of Fh*mborough is a very dangerous part of the 
coast adjoinii f the northern entrance to tho ITumber. It is 
a narrow tapering nock of land, about two miles in length, 
over which the sea sweeps in high tides. The neck ends 
in Spurn Head. Tho first occupant of this place was a 
courageous hermit, who built a chapel to pray for poor 
mariners, and oxposed a light in his windows to guide 
them up tho Humber at night. Another anchorite, 
hicliard Ecedburrow, afterwards built a tower for a beacon, 
which is said to have been tho first lighthouse built on 
that part of tho coast. 

In ancient timos, fires were also lighted for the guidance 
of seamen, at Foulness, near Cromer, at Lowest oft-ncss, 
and at Orford-ness —all Norse names. A long spit of 
land lies between the river (Aide and the sea near Or ford 
—extending from noar Aldbojrough to Haversgatc Ibland- 
which was alwf^s $ source! of danger to mariners. A 
lantern iffeed to be hung out/ at a part of tho narrow strip 
of land, still called the Lantern Marshes, whore two 
splendid lighthouses have si/nce been erected. 

The first idea of a lighthouse, said Professor Faraday, is 
the candle in tho cottago \jvimlow, guiding the husband 
across the water or the pathless moor. But on Orford-ness 


Rev. Isaac Taylor, ‘ Words and Places,’ p. 393. 
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a lantern answered the same purpose. The main point 
was the production of a steady light; and it mattered not 
whether it was given forth by a candle, a lantern, pitcli- 
pots, coals, or oil. Wood was also frequently employed; 
but it was found too perishablo. Lambarde says of the 
lights shown along the coast, that “before the time of 
.Edward ITT. tiny were made of great stacks of wood; 
but about the eleventh yeero of his raigne it was or¬ 
dained that in our sliyro (Kent) they should bo high 
standards with their pitch-pots.”* 

Many attempts wore made to light up the south coast 
at the mobt dangerous places. Some six hundred years 
sinco, when Winehelsoa — now several miles inland — 
was a seaport, Henry III. issued a precept commanding 
that every ship laden with merchandise going to that 
port for the two following years, should pay two pence for 
the maintenance of the light thero, for tho safety of sailors 
entering by night, unless it were shown that the Barons 
had been accustomed to maintain that light at their own 
cost.f It appears that tho Barons were in certain cases 
required to maintain the fire-lights, and to receive the 
sum of two pence from each vessel, usually called “ fire- 
penCo.” 

One of the most dangorou^ parts of the south coast was 
Dungeness, consisting of a k Jig low bank of shingle, run¬ 
ning far out into the sea,and 1 ot easily discernible at night. 
It is not known when the first light was shown on this 
part of the eoast; but Lambarpe makes mention of its being 

- , — i - 

* William I.ambardo, ‘ Pcram- jtlie masters of the ships, for sus- 
bulation of Kent,’ p. 183. [taining the tiros at '.be accustomed 

f Hot. Patent, 45 Henry III. places, lor the saloty of vessels 
In an ordi auco mndo in tho i)irrh ing by night, so long as they 
reign of JI<*nry III. for settling ( /maintained the fires; but, if they 
disputes between the Cinque , /failed to do so, the Provost of 
Ports and the inhabitants of Yar- /Yarmouth might receive the pence 
mouth, it was declared that the Jand maintain tho fires. (Jenkes, 
bailiffs of the Barons of the Ports r Charters of the Cinque Ports/ 
should receive tho two ponce from '4728, p. 14.) 
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lit up by beacons in the time of E<l\vai tl HI. Speaking of 
Dungeness, Lambarde says, “ Before this nesbe both ft flat 
'into the sea, threatening great (Linger to sailors. In the 
reign of Edward III. it was fust ordered that beacons m 
this country should have their pitch-pots, and that they 
should no longer be made of wood-stacks or piles, as they 



OM Lnglbli Oi icon. 

[ByR 1’ Leitch. The Design of the St Sudani from Robeit J ^ ' Social History J 

be yet in Wiltshire and elsewhere.” It has been observed, 
upon this passage, that the statement of Lambarde must 
implv that either a beacon ^as now first erected on the 
Ness Point, or that there had previously been one com¬ 
posed of wood, for which a pitch-pot was now introduced, 
as being considered preferable.* 


* Holloway’s ‘History of Bom- 
noy Marsh/ p 119.- It has been 


| styled that Dungeness Light was 
J first projected by a Mr Allen, a 
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While these beacons wore used to light up the coast 
for the benefit of mariners, thoy were also used for tho. 
purpose of alarming tho nation when a foreign invasion 
was expected. When Richard II. succeeded Edward III. 
in 1377, fire-beacons were ordered to be established along 
the south coast, the keepers of which were enjoined to set 
them on fire so soon as they saw tho enemy’s vessels 
approach. England was at that time without a fleet, and 
notwithstanding that tho hill of St. Catherine’s in tho 
I hie of Wight was furnished with a chantry'and a light- 
Iioufp, where a priest was maintained to say mass and 
keep the light burning, tho French, nevertheless, landed 
and carried away a groat deal of spoil, as thoy afterwards 
did at Winclielsoa, Plymouth, Dartmouth, and elsewhere. 

Pitch-pots wcie not found to servo for coast-lights. In 
heavy storms, when lights were of tho greatest value, 
tho pitch-pots would either bo blown out or drowned out, 
and then all would be duikness again. Coal was next 
intioduced. It was sit fire to, on an open chauffer, and 
fed from time to time by the lighthouse keepers. Wood 
continued to be used where coal was not available. Thus 
tho Tour do Cordouan, off tho south-western coast of 
France, long continued to bo lit up by oak billots brought 
from the Gascon forests. But the English coast was 
mostly lit up by coal. In fact it is not so long since 
coal became disused. It was only in 1822 that the last 
coal fire, at Saint Bees, was extinguished. Tho last mau 
who attended tho coal beacon at Harwich— where tho fuel 
was burnt in an open grate, with ti pair of bellows 
attached—was alivo only a few years ago.* *The light- 


goldsmith f R> e, in the time of j built by Smeaton at JEddystone. 
James I. But it will be observed Previous to that time, the light 
that the Tight existed long before consisted of a raised platform, on 
that date. The present lighthouse/ which a pile of coals lay burning, 
was erected in 1792, at the solo ex. * Nall, * Great' Yarmouth ami 
pense of the Earl of Leicester Lowestoft,’ p. 721. 
aftor tho model of tho lighthouq 
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houses at Spurn Point, and on the Islo of May at tho 
entrance to tlio Firth of Forth, also continued, until a 
recent period, to ho lit up by coal-chauffers. The light, 
also, which these coal fires gave was very uncertain. 
When stirred, they emitted a bright blaze, and then sunk 
into almost utter darkness until again roused by tho 
attendants. 

A long time elapsed before anything practical was done 
to light lip tho coasts at night. Tho Trinity House was 
indeed established by Henry VIU. in 1513; lmt it was 
at first moro of a monastic institution than a liglitlumso 
association. It was denominated “ Tho Brotherhood of tlio 
Most Glorious and Undividablo Trinity.” Tins brethren 
prayed for the mariners at sea, hut they did not erect light¬ 
houses. The;r duties were enlarged by subsequent sove¬ 
reigns. They had to appoint pilots for tho Thames, collect 
dues for ballast, and erect lights and signals. They at¬ 
tended rather to the navigation of tho Thames, than to 
the lighting of ships along tlio coast. The only step they 
took for tho purposo of lighting up tho coast, was tho 
granting of leases from tho Crown, for a definite number 
of years, to private persons willing to find tho means of 
building and maintaining lights, in consideration of which, 
authority was given them to levy tolls on passing sliipjung. 

The erection of lights beearac a matter of speculation 
as well as of political jobbing. A speculative man would 
propose to orect a lighthouso just as lie might propose to 
sink a coal-mine. If there was a dangerous rock at sea, in 
front of a*seaport ai/y man might propose to tho Trinity 
House to erect a building there for tho purpose of guiding 
ships, in which case ho was allowed to levy dues on the 
ships that passed. Or, if lie had political influence, ho 
might use it for tho purpose of obtaining a lighthouse. 
Thus a memorandum was found in tho diary of Lord 
Grenville, to watch the king^into a good humour, that ho 
might “ ask him for a lighthouse.” 

Thero was a combination <)>f philanthropy with spccu- 
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lativoucss, in erecting a lighthouse. The object was to 
save human life, though its net result was that it should 
pay its constructor a largo profit. AVlion a lighthouse 
was erected on the Smalls IJock in the Bristol Channel, it 
was through the instrumentality of Mr. Phillips of Liver¬ 
pool, a member of the Society of Friends. ITis object was 
to erect, at his solo risk and expense, a work that should 
bo “ a great holy good to serve and save humanity.” Tho 
lighthouse was erected at considerable risk, and it was 
a strange-looking barracoon when finished. It doubtless 
saved the lives of many seamen; but it also served tho 
purposes of its erector, who derived a largo income from 
it during his lifetime; and, after his death, his repre¬ 
sentatives obtained from tho Trinity House not less than 
170,0007. by vav of compensation for handing it over to 
the Corporation. 

Thoro 'uas another dangerous rock in tho way* of the 
shipping bound for Li\ e» ] ool -tho Skerries Islands, north¬ 
east of Holyhead. A privilege was granted to a private 
speculator to erect a lighthouse tlieie; and tho dues 
received by the owner were so large that tho Trinity 
Board were compelled to give him lf>(),()l)0Z. for tho rock 
and lighthouse, when they took it into their own hands! 
A wooden lighthouse was also erected in 1698 on tho 
Fddystone Itock as a matter of speculation; but that was 
soon swept away by the sea. 1 * The coasts of Cornwall 
and Devon were also lit np about the same period; for we 
are informed, in tho Travels of the Grand Duke Cosmo 
in England about two centuries ago, that the ^Plymouth 
shiiiping “ paid fourpcnce per ton for tho lights which 
were in the lighthouses at night.”f 

Wo also find from tho records of the Corporation of Rye, 
that a light was hung out from the south-east angle of the 
castellated building in that town, called tho Ypres Tower, 
as a guide for vessels entering the harbour in tho night- 

* See ‘ Life of Srceaton.’ * 1 Grand Duke of Tuscany, through 

f ‘Travels of Cosmo the Third England*(1C68-9). London, 1821. 
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time, and that not being found sufficient, another light 
, was ordered by the Corporation “ to bo hung out o’ nights 
oft the south-west corner of the church, for a guide to 
vessels entering the port. A beacon to rouse the inhabi¬ 
tants in case of invasion was also kindled in tho old oak- 
tree still remaining in the neighbouring churchyard at 
Playden. A light-pot used to bo hung out from tho 
spire of old Arundel Church for tho purpose of guiding 
vessels entering the harbour of Littlohampton after dark, 
and tho iron support of the rude apparatus is still to bo 
seen there.* 

That lights wero used for tho guidance of ships may 
also bo learnt from tho practice which then prevailed 
among the wreckers along the Cornish coast of display¬ 
ing false lights, and thus luring passing vessels to their 
destruction; the shipwreck season being long regarded 
as tho harvest season in Cornwall. With tlio increase 
of navigation, tho erection of lighthouses at the more 
dangerous parts of the coast became a matter of urgent 
necessity; and it was such necessity, as wo shall after¬ 
wards find, which brought to light the genius of Smeatou. 

Until tne erection of the Eddystono Lighthouse by that 
engineer, the only stone lighthouse in Europe was the fino 
Tour do Cordouan, built on a flat rock off tho moutli of 
the Garonne in the Bay of Biscay. It was finished and lit 
up moro than two hundred and fifty years ago; and, though 
one of tho earliest, it continues one of tho most splendid 
structures of the kind in existence. It replaced a light- 


1 Tho tower of Hadley Church, i the finest of Caltrcs, and the hook 
near Chipping Barnet in Middle- ] of tho pulley by which tho lamp 
sex, was similarly used in ancient was raised is still in its place, 
times, but as a lund beacon. Lantern lights were also hung 
The iron cage in which the pitch- from the steeple of Bow Church, 
pot was placed is still thcro. Iti London, Stowe says, “whereby 
is said that a'lamp used formerly' travellers to tho City might ha\ o 
to be hung from the old steeple Gy htho better sight thereof, and not 
All Saints, York, for the purpose [{miss their way.” 
of guiding travellers at night over < 
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house founded by the English on the rock in 1362-71, while 
the Black Prince was Governor of Guienne. 

The present stone building was begun by Louis de Fo£i, 
one of the architects of the Escurial, in 1584, in the time 
of Henry III., anil was continued all through the reign of 
ITenry IV., being finally completed in 1611, in the reign 
*of Louis XIII. Its height originally was 169 feet French; 
but in 1727 it was raised to the height of 175 feet French, 
or 18G1 feet English. The building exhibits that taste 
for magnificence in construction which attained its meridian 
in France under Louis XIV. The tower docs not receive 
the shock of the waves, but is protected at the base by a 
wall of circumvallation, which encloses the apartments‘for 
the attendants. It is not conical like the Eddystone, but 
is constructed in throe successive stages, angular in the 
intciior, and consequently moio susceptible of decoration 
than the simple and solid stiuctures of Smeaton, Bennie, 
and Stevenson. 

The Tour do Coidouan is fuither memorable as the first 
lighthouse in which a revolving light was ever exhibited. 



Tour de jCordouau. 
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Old Bridges. 

m 

Cn a country such as Britain, full of running streams, 
bridges form an essential part of every system of roads 
connecting the various districts of the kingdom with each 
other. So long as the population was scanty and the 
intercourse between different pai ls of the country was of a 
limited character, the necessity for bridges, by which the 
continuity of the tracks was preserved, was probably little 
felt. The shallow and broad parts of rivers, provided 
with a gravelly bottom, were naturally selected as tlio 
places for fords, which could bo easily waded by men or 
horses when tlio water was low; and even in the worst 
case, when the waters were out, they could ho crossed by 
swimming. 

Towns argl villages sprang up at these fordable places, 
along the main lines of communication, the names of 
many of which survive to tin’s day and indieato their 
origin. Thus, along the line of road between London and 
Dover, there was first Deop Ford, now Deptford, at tbo 
crossing of the Bavenslxmmc— next (’rayford on the liver 
Cray—Dartford <jn the Darent—and Aylesford on the 
Medway, part of the pilgrim’s road between the west of 
England and Bceket’s shrine at Canterbury. In all other 
directions round London it was the same. Thus, eastward, 
thoro was Stratford* on the Lea, Loin ford on the Bourne, 
and Chelmsford on th e Chel mpr. Wcst ward were Bren tford 

* Thero arc numerous bridges j {ford on tho street or road, the 
In England at places called Strati- \ford being afterwards superseded 
ford or Stretford—literally* the by the bridge. 
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and Twyford on tlio Brent, Watford on the Colne, and 
Oxonford or Oxfo:d on the Isis.* And along the line of» 
tho Great North lvoad, crossing as it did the large streams 
vlescending from tho high lands of the centre of England 
towards the North Sea, tho fords were very numerous. 
At Hertford the Maran was crossed, at Bedford the Ouse, 
at Stamford tho Welland, and so on through the northern 
counties of England. 

As population and travelling increased, the expedient 
of the Bridge was adopted, to enable rivers of moderate 
width to be crossed drysliod. An uprooted tree thrown 
across a narrow stream was probably the first bridge ; and 
he would probably be considered an ingenious man who laid 
down a couple of trees, fixed upon them a cross-planking, 
and thus enabled foot-passengers and pack-horses to cross 
from one bank to tho other. But these loose timber 
structures were very apt to bo swept away by the rains 
of autumn, and the continuous track would again become 
completely broken. In a rough district, where rocky 
streams with rugged banks had to bo crossed, such inter¬ 
ruptions must necessarily have led to considerable in¬ 
convenience, and lieuco aroso tlio idea of tying the rocky 
gorges together by means of stone bridges of a solid and 
permanent character. 

Tlio first of such bridges in Britain were probably those 
erected across the streams of Dartmoor. Tho rivers of 
that district are rapid and turbulent in winter, and come 
sweeping down from the hills with great fury. The deep 
gorges worn by them in the rocks aiciid&t which they run, 
prevented their being forded in the usual way; and tho 
ordinary expedient of bridging tho gaps in the track by 
means of felled trees tlirowi^ across, was found imprac¬ 
ticable in a district where ncj trees grew. But there was 

§ 

* Oxenford uas tlio spot at for cattle.—H. Brandreth, Enq , in 
which tho Thames, then called j; ‘ Arehrcologia,’ \ol. xxvii. 97. 
the this, was most easily fordul»le(l * 
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Chap. ill. ANCIENT BRIDGES ON DARTMOOR. *3 

An abundance of granite blocks, 'which not only afforded 
Jthe means of forming solid piers, but wero also of sufficient 
siz8 to be laid in a tabular form from one pier to another, 
so as to constitute a solid enough road for horsemen and 
foot-passengers. Hence the Egyptian-looking Cyclopean 
bridges of Dartmoor; a series of structures—most probably 
coeval with the building of Stonehenge—of the greatest 
possible interest. 

One of the largest of these bridges is that crossing the 
East Dart, near Post Bridge, on the road between Moroton 
and Tavistock, of which a representation is given on the 
preceding page. Though tho structure is rude, it is yet of 
a most durablo character, otherwise it could not have with¬ 
stood'the fury of tho Dart for full twenty centuries, as it 
most probably has done. The bridge is of tin eo piers, 
each consisting of six layers of granito-slahs above the 
foundation. One of tho siilo piers, by accident or design, 
has unfortunately been displaced, and the tabular slabs 
originally placed upon it now lie in the bottom of tho 
river. Each of the table stones is about fifteen feet long 
and six feet wide, tho whole structure being held together 
merely by the weight of the blocks. 

There are other more perfect specimens of theso Cyclo¬ 
pean bridges in existence on Dartmoor, but none of a size 
equal to that above delineated. For instance, there is ono 
of three openings, in a very complete state, in tho neigh¬ 
bourhood of Sittaford Tor, spanning tho Noith Tcign: it 
is twenty-seven feet long, with a roadway seven feet wide, 
and, like the of hens, ig entirely formed of granite blocks. 
There is aiiother over the Cowsic, near Two Bridges, pro- 
sonting five openings: this bridgo is thirty-seven feet Jong 
and four feet broad, but it is only about three feet and a 
half above the surface; nevertheless it has firmly with¬ 
stood the moorland torrents of centuries. There is a fourth 
on the Blackabrook, consistin n of a single stone or clam. 
We believe that no structural resombling these bridges 
havo been found in any othqrfpart of Britain, or oven in 
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Brittany, so celebrated for its aboriginal remains. The 
only bridges at all approaching them in character^ arc 
found in Ancient Egypt,—to which, indeed, they bear a 
striking resemblance. 

Although the Romans were great bridge-builders, it is 
not certain that they erected any arched stone bridges * 
during their occupation of England, though it is probable 
that they built numerous timber bridges upon stone piers. 
Tho most important were those of Rochester, Newcastle, 
and London. Not many years since, when a railway- 
bridge was being built across tho Medway at Rochester, 
the workmen came upon the foundations of the ancient 
work in a place where no such foundations were looked 
for, and their solidity caused considerable interruption 
to tho work. So at Newcastle, when tho old bridge over 
tho Tyne was taken down in 1771, the foundations of the 
piers, -which were laid on piles of fine black oak, in a 
perfect stato of preservation, were found to bo of Roman 
masonry. Similar bridges were erected at different points 
along tho lines of tho Roman military roads wherever a 
river had to be crossed ; and it is probablo that tho town 
of Pontefract (Pons fme tv s') derived its name from a broken 
Roman bridge in that neighbourhood, the remains of which 
were visible in tho time of Leland. 

It is not known when the English people began to build 
stone bridges, after the Roman bridges had become de¬ 
stroyed. Tho history of England was a blank for several 


* Mr. Wright is, however, of 
opinion that some of tho Roman 
bridges in England had arches; 
and ho Bays Mr. Roach Smith has 
pointed out » very fine semi-cir- ( 
cular arched bridge o\ er tho little 
ri\ er Cock, near its entrance into j 
the Wharfc, about lialf-a-mile be 4 
low Todcii&ter, on the Roman root v 
leading southward from that town. 
(the ancient Culeaiiu), which h<j 


• • 

considered to be Roman. The 
masonry of this bridge is massive, 
and remarkably well preserved; 
the Btones are carefully squared 
and sharply out, and in some of 
them the mason’s mark, an R, is 
distinctly visible. The roadw r ay 
. was very narrow (‘ The Celt, the 
! Roman and tho Saxon,’ 2nd Ed., 

1 p. 187.) 
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hundred years after the Eomans loft. We know next to 
nothing of the people who occupied the country; we can 
only guess at the successive migrations of the foreigners 
who settled in it. The probability is, that at first they 
were, for the most part, barbarians, who neither built 
bridges nor repaired the roads which the Romans had left 
behind them. Civilisation recommenced with the Church. 
The early Churchmen were not only the first people who 
could read and write English, but they were the principal 
agriculturists, gardeners, and masons. They were the 
first church-builders, as they wero also, probably, the first 
bridge-builders. 

Thus, we hear of St. Switliin, Bishop of Winchester, 
building a bridge over the Itchin at that city in the ninth 
century. lie planned the bridge, and caused it to bo built 
at his own expense. As St. Switliin “ had necessarily to 
go abroad upon spiritual matters, as ever, so in this in¬ 
stance, he cared for the common advantage of flic citizens, 
and built a bridge of stone arches at the oast gate of tlio 
city, a work which will not easily decay.” * 

Bridges wero also constructed, most probably through 
the influence of the Churchmen, at Lincoln, Durham, and 
other ecclesiastical cities. These early bridges wero useful, 
but not graceful. They resembled a long, low series of 
culverts, hardly deserving the name of arches, with inter¬ 
vening piers of greater thickness than the span of the arch 
they wore built to support. They wero a sort of stone 
embankments perforated by a multitude of small openings 


* In the ‘Life of St. Switliin ' , The MS. is a ‘Lifo of St. 
(Arundel MSS., B. M., 169), it is \ Switliinprobably of the eleventh 
stated:—“Unde factum cst, ut century. 

necessitate exigent© do spirituali- The Lifo of St. Swithin in 
bus ad forinseco. cxiens utilitati the ‘Acta Sanctorum’ (eleventh 
communi civium Bicut semper ct century); tlio Metrical Life (thir- 
aliquando providerct, pontemquo iteeuth century); and the Life in 
ad orientalem portam oivitatis iCaxton’s Golden Legend, contain 
arcubus lapideis opere non leviter the above passage, or paraph ra*i'i 
ruituro constrnoret.” lof it. 
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to let the water through. Tho piers had thus very little 
more to suppoit than their own weight. Quantity was 
substituted for quality, and mass for elegance. * 

An eaily budgo, which some alloge to be tho earliest 
auhed stone budge existing in England, is the singular- 
looking stiuetuio still standing in tho immediate neigh- 



Croyland Bridge [t rom the ‘ lopcgrapbia Bntannlca ] 


bouihood of Cioyland Abbey, a few miles north of Peter- 
boiough. It has been conjectured that the bridge, which 
is tiiangular, was elected out of tho offerings of pilgrims 
to the shr.no of St. Guthlac, the saint of the Fens, as an 
emblem of the Trinity* The bridge stands on three 

* The famous bridge at Croy- a triangular form, rfcMg from 
land is the greatest curios-ty in three segments of a efcpue, and 
Butain, if not m Europe It is of, meeting at a point at top. It 
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piers, from each of which springs the segment of a circular 
.arch, all the segments meeting at a point in the centre, 
lifts ’situated at the junction of tho three principal streets 
of the little town, which was originally huilt on piles; 
and along those streets the waters of tho None, tho Wel¬ 
land, and the Catwater respectively, used to flow and 
meet under the hihlgo. Carrying out tho Trinitarian 
illustration, each pier of tho bridge was said to stand in a 
different county: one in Lincoln, tho second in Cambridge, 
and the third in Northampton, 'flic road over the biuigo 
is so steep* that horses can scarcely cross it, and they 
usually go under it; indeed tho arches underneath are 
now quite dry. This curious structure is referred to in an 
ancient charter of the year 943, although the precise date 
of its erection is unknown. On tho south-west wing, 
facing the London road, is a sitting figure, carved iu stone, 
very much battered about tho face by tho mischievous 
boys of tho place. Tho figure has a globe or orb in its 
hand. It is supposed to he a statue of King Ethelbald, 
though it is commonly spoken of in the villago as Oliver 
Cromwell holding a penny loaf! 

The first ordinary road-bridge of which we have any 
authentic account is that erected at Stratford over the 
river Lea, several miles to the cast of London. Tho road 
into Essex by the Old Ford across the Lea is noticed as 
early as the soventh century. It appears that the body of 
St. Erkenwald was stopped tlicro by the flood, while being 
conveyed from tho abbey of Barking, where ho had died, 
for interment in Landpn; and tho body of the Saint was 
only conveyed across the river by the intervention of a 


seeiub to have been built under vast sum, yet it is so steep in its 
the direction of the abbots, rather abccnt and descent that neither 
to excite admiration and furnibh 'caiiiages nor horsemen can get 
apretetfcefofrgrantingindulgences over it. (‘ History and Antiquities 
and money, than for of Croyland Abbey/ Bibliotheca 

any rcftljttse; mr though it stands 'TTopogruphicu Britannica, No. II) 
in a bog, and must have cost a 
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miracle! Many lives wore afterwards lost in crossing 
tho Old Ford, and amongst those who narrowly escaped 
drowning was Maud, Queen-Consort of Henry I. Several 
of her attendants were drowned, while her Majesty her¬ 
self was, to uso {Stowe’s expression, “ well washed in the 
water.” 

To prevent this groat danger to travellers, the Queen 
directed two bridges to bo built over the two branches ol 
tho Lea—one at Bow, the other at Channelsea, connected 
by a gravel causeway; and she bequeathed certain manors 
and a mill to tho abbess of Barking for tlieir maintenance 
and repair. Tho bridges were elected some time between 
the years 1100, when Maud beeamo Queen, and 1118, the 
year of her death: and they aro supposed to have been 
named “do Arcubus,” or tho Bows, because of their arched 
form. Stowe says, “the bridge (of Stratford-le-Bow) was 
arched like a bow; a r.ue piece of work, for before that 
the like hod never been scvi in England.” 

Notwithstanding the ample endowment of tho bridges, 
and the additions made to it by successive benefactors, 
their repair scorns to have hern sadly neglected, and the 
approaches weie often found impassable. The crowns ol 
the arches beeamo worn into deep ruts, and they must 
shortly have fallen in, had not ouo Hugh Pratt, who lived 
in the neighbourhood in tho time of King John, contrived, 
by begging aid from the passers-by, to keep the structures 
in repair. His son continued the practice, and even ob¬ 
tained leave to levy tolls, amongst which wo find the 
following: “ For every cart carrying copn, wood, coal, &c. t 
one penny; of one carrying tasel, two ponce; and of one 
carrying a dead Jew, eight pence.” * At a still later 
period, wo find collections made in all the churches 
throughout tho City, for the purpose of repairing Bow 


* Probably tho last toll was im¬ 
posed on the bodies of Jews, in 
progress of removal for interment 


in a Jewish burying-ground situ¬ 
ated to tho eastward ^f the 
bridgo. 
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Biidgo, as “a woik of gieat necessity foi the passage of 
virtual unto the inhabitants,” and m the lcign of Bliza* 
bd.ii we find a letter, signed by lhulugh, Lincoln, Sussex, 
and other Lords of the Bnv} Council, to the Coipoiation, 
acknowledging that such collection had bun made hv the 
free-will of the citizens, and u as not to bo di.iun into a 
precedent for compelling the citizens at any fiituie tune to 
bo at the co^t of up tiling the said lmd r e 



Old 11 fcBuU, [Iit m (hi Vidi ioloui 

• 

Bow Budge was unquestionably a stiueture of gieat 
utility, but though Stowo dtsuibos it as i lare piece of 
work, it possessed no great mint m an aribitectuial point 
of \iew, as will be obvious from the abo\o icpicscnta 
tion 

* ‘ Corpoution of the City of Lqndon Journals/ 21 fol 58 b, 20th 
Ju]>, 1580 ' 
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This bridgo, like most of tlic early structures, had large 
piers, occupying a great part of the waterway, and sup- 
porling small and low-arched openings, with high battsle-' 
men is for the enclosure of a roadway of the narrowest 
possible dimensions. The piers were providod with largo 
angular projections, not only to divide the force of the 
current, hut to admit of spaces for foot-passengers to retire 
into, and thus avoid danger from carriages and horsemen 
when passing along the narrow roadway. Indeed, its 
extreme narrowness, notwithstanding the attempts made 
to widen it, eventually led to the removal of the bridge, 
and tlio substitution of a new one of a singlo arch on the 
same sito some twenty years ago. 

The great convenience of bridges gradually led to 
their erection along most of the principal routes through 
flic country. In the hist place they superseded fords; 
and when the art of bridge-building had become more 
advanced, they superseded femes — always an incon¬ 
venient, and often a dangerous, method of crossing rapid 
rivers. Many towns wcie named because of the bridge 
erected in their neighbourhood. Thus Bristol is only a 
corruption of Briegstow, tho bridge-place, or the sito 
where the river Avon was crossed by a bridge. Hence 
also Bridgeuortli, Bridgewater, Brigg, and similar names 
of places. 

The bridge brought the inhabitants of certain districts 
into immediate connection with those on tho opposite bank 
of the river flowing between them, and enabled them 
freely to hold intercourse' and exchange produce with each 
other; and the public advantages of this improved means 
of communication were found so groat as to lead many 
benevolent and though! fill men, in those early days, to 
bequeath large sums of money for the purpose of building 
and maintaining bridges, in like manner as publio bene¬ 
factors, in after times, left money to build and endow 
chuVches and hospitals. Yet popular tradition in soma 
places attributes theso structures to a very different origin. 



Chap. III. 


51 


BROTHERS OF TIIE BRIDGE. 

Thus the fine old bridge of throe arches over tho ri> or 
Lune at Kirkby Lrnsdalo, in AAYstmorel and, is said to 
• lfuve betel tho work of the devil. 46 

We have said that the religious orders early took in 
hand the erection and maintenance of#>ridges, and wo owe 
to them somo of tho finest structures still extant, many 
others having been superseded by modern works. An 
order called the brothers of tho 1‘ridge was founded by 
St. Benezet, tho builder of tho noble bridge at Avignon 
early in the thirteenth century; and the brethren spread 
into England, and went from one work to another, building 
bridges and chapels thereon, tho provision of a biidge- 
ehantry characterizing nearly all their early structures in 
this country. Indeed, the architecture of the early bridges 
in many respects resembled that of the early cathedrals. 
From the point at which the pieis rose above the level of 
tho stream, ribs of stone usually spanned the openings 
from ono pier to the other, precisely similar to the Gothic 
arching of cathedrals and vaults of chapter-houses; and it 
is most probable that tbc bridges and cathedrals were built 
by tho same class of workim n. 

One of tho finest of such bridges was that erected by 
Abbot Bernard over tin* Trent at Burton, until recently 
the longest in England. It was 1515 foil in length, and 
consisted of thirty-four arches, built of squaird free¬ 
stone,—a most useful and .substantial structure. Another 
old bridge of tho same period is that over the AVensum at 
Norwich, still called Bishop’s Bridge, a singular-looking; 
.old building of po|ckqd-up stono and flint, erected in 1295. 
It consists? of three arches, inside of vhieli an* some gro¬ 
tesque heads and remains of old orn imenial woik. Fairs 


* How this tradition could have than the other*. The midday 
eliminated docs not appear. The ho\\e\er, inconveniently narrow, 
badge ip very lofty, and of excel- like all the old l>u 1 *•<•*. It is 
lent workmanship. It consists of eviduitly of tho Norman period, 
three semicircular ribbed arches, _ and tho erection of a \ery cleu r 
the centre one being much higher' architect. 
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used funnelly to 1)0 hold on it. at Easter and Whitsuntide, 
as was the practice on several other old bridges. At Leeds 
tlie weekly elotli-markct was hold on the bridge at the foot 
of Brig-gale, sumo of the old arches of which are still to 
l)e seen; the clothiers being summoned to assemble by 
the ringing of a bell in the old bridge-chapel, when they 
exposed their cloth for sale on the parapets. But the 
bridge was so narrow, and the market caused so great 
an obstruction, that at length a special cloth-hall was 
built, to which the clothiers removed about the end of last 


century. 

The erection of Wade Bridge over the river Camel, in 
Cornwall, is an example of the origin of many of these 
structures in early times. The benevolent vicar of Eglo- 
sliayle, lamenting the number oC lives that wero annually 
lost in crossing the ferry, determined to raiso a fund 
suflicient to build a bridge ; and success crowned his efforts. 
It was erected in 14 Ho, an l claimed the distinction, with 
Ihirton Blidge, of being the longest in England. It con- 
bitted of seventeen arches, and, though recently widened 
and repaired, stands firmly upon its foundations to the 
present day. The \iear must have been a man of great 
cuergy, for it is rerorded of him that he designed the 
bridge and worked diligently upon it until it was finished.* 
At his death he loft an endowment of 207. aycar towards 
its maintenance. 


IiocliOrtti r Bridge was an important part of the great 
highway between London and tlio Continent, and a Roman 
1inihil* roadway on stone piers formed part of the ancient 
Watling Street. The bridge long continued to bcof timber, 
and wo Jiml Simon do Mont fort burning it down in 1264. 
Twenty y ears later, having been repaired in tiio interval, 


* It is saul lie had meat difli- tion vas handed down as to Lon- 
cult) in Hi'cming foundations, don Bridge. The moaning is, that 
owing to Hu- sandy nature of tlio the vicar raised the requisite monoj 
ground, until ho had recourse to by means of a tax on wool, 
pack-i of wool.” The same trad i- 
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it was seriously damaged by the breaking up of tho ire, 
# tlie force of which, rushing down 1 lie Aledway, carried 
*aVay several of tlio piers. It was patched up from time 
to timo until the reign of Edward 111., wlien the gallant 
Sir Robert Knolles, who had raised himseli by his vaJonv 
from tho rank of a private soldier to that of a commander 
in tho royal army during the wars in Franco, returning to 
England, and detejmining to leave behind him some useful 
work by which his name should be held in kindly remem¬ 
brance by his countrymen, resolved upon the eviction of 
an arched stone bridge over the Medway, and it was 
accordingly built at his charge and made over by him to 
the public. It was completed in the fifteenth year of tho 
reign of Richard II., and was considered one of tho finest 
bridges at that time in England. It bad eleven arches, 
resting on substantial piers, the foundations of 'which woro 
blown up, not many 3 ears since, by the Royal Engineers, 
at a considerable ^xpenditme of gunpowder.'* A chapel 
was afterwards erected by Sir John Cobham at its east 
end, where collections were made in the usual manner for 
maintaining flic structure. But it appeals that the moneys 
thus collected had been insutlicienl, and the luidge shoitly 
fell into decay; for, about a century after its enetion 
(in 1489), wo iiml John M 01 Lou, .Archbishop of Canteibuiy, 
adopting the extr.mrdinni v expedient of publishing a le- 
mission from purgatory for fin tv days, and from all manner 
of fines, to such persons as should give anything low a ids 
the repairs, as the bridge bad by that time become very 
‘much broken. • , 

Bishop-Auckland Biidgo over the Wear, and Newcastle 
Bridge over tho Tyne, were similar structmes, maintained 
by the voluntary offerings collected by the priests who 

* The foundations seen’ toha\o j Iiti^e stalling*?, .\hieli wnijiinl .1 
been obtained in tho thou usual wiv Iari>i» |>ait ot tho wnt< r-\\.i \, 
manner, by throwing loose luhbli and eonseijnently pH sinful a -i n- 
and clmlk'into the riicr, and war- ‘ <mi<? nlMrurtion to tho nau^..tn u 
rounding tho tcvcral heaps with | of tho Medv. ay 
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ministered in the chantries. The chapel waft invariably 
dedicated to some patron saint. That on old Ltoidon 
Bridge was dedicated to St. Thomas, on Bow Brid$rf6' 
St. Catherine, and others were dedicated to St. Nicholas, 
tlie patron saint of sailors. The chapels were exceed¬ 
ingly picturesque objects, and were often highly decqr£$d. 
They were erected over one of the piers* about the centre 



WnknflpM Tlri.lpfo and Chantry. ‘ * 

[By E. II. Wunpcris, after an original Diaa lug Cy T. Sutcliffe.] " 

of the bridge, elongated for tlie purpose; and * brother 
stood at the door to receive tho offerings of tlie passers-by 
towards the repairs of tho bridge and the support of the 
services in the chantry. There was a chapel, On.* }j§<ige 
in Droitwioh, Worcestershire, through whioh\th^'bigh 
tunipike-road passed until within a few 'and 

tlio congregation sitting, on the one side of the ? KSg%tvay, 
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heard the preacher from liis pulpit on tho other.* Nearly 
. all ' these old bridgc-chapels have perished, but a beautiful 
spoohfceu has happilv been preserved in the chantry on 
Wakefield Bridge, of which the preceding cut is a repre¬ 
sentation. 

■This bridge is supposed to have been built by Edward 
Duke of York, afterwards Edward IV., in memory of his 
fathet and followers who fell at the battle of Wakefield 
durihg tho Avars of tho Boses. It was richly endowed, 
that prayers might be ottered up there lbr the souls of the 
slain, and especially' of poor little Bui land. However this 
may be, tho bridge chantry »if Wakefield, which 1ms re¬ 
cently been renovated in exeel lent taste, and is still used 
fqr evening service, is one of the most beautiful and inte¬ 
resting of these ancient structures. The entrance to the 
chapel is directly from the roadway, and it stands upon an 
elongated pier obviously erected for the purpose, ami form¬ 
ing part of the original structure. Tho bridge itself lias 
undergone many changes, in older to adapt it to the im¬ 
proved modes of travelling. \\ lieu chaises, stage-coaches 
and waggons name into general use, the old erections worn 
found altogether inadequate for tho traffic. They were 
very narrow, f and often very steep; and though they had 
been well enough adapted for tho foot-passenger, the horse 
man, and tho pack-horse convoy, many of them did not 
admit of sufficient width for the convenient passage of 
wheeled vehicles. The picturesque gateways at the ends 
of old bridges—such as existed over the Ouse at York and 
tho Monnow at Monmouth, as shown in the next cut - 
were* also* found to be u great obstacle to stago-eoaeli 

Sir J. Cullum’s ‘Ilistory of. it-, route for fourteen imies on 
Hawsted.’ eoimujj to a blidgo in Ouiubeiland 

f De Qnineoy, in his‘Autobio-} built m somo remote age when 
graphic Sketches,' say" ho lias J ns jit po-t-chaisos were neither 
known .of a <?aso, even in the nine- 1 known nor anticipated, uml, un 
tofinth <„ Century, where a po««t- loitunntely, too narrow by three or 
ohajjse the common narrow di-! four inches to cnablo the \elude 
monfcicftlfe was. obliged to retrace i tu puts. 
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travelling. The arched gateways did not admit of the 
passage of a coach without danger to the outside passen¬ 
gers ; and where it was not found practicable to turn tile’ 

ihoioughfare another 
way, they were shortly 
demolished. The 
Inidges themselves 
weie widened and en¬ 
larged ; and though in 
many eases, as at 
Wakefield, the old 
pir is were included in 
the new work, the 
original picturesque 
chai act< r of H 19 bridge 
was in a gieat measure 
dost 10 } ed. 

Notwithstanding tho 
inc least d necessity for 
sinh htiuclures, tho 
ait of biidge-building 
seems to have fallen 
into dec ay and become 
almost a lost ail until about tho middle of last century; 
and whilst many of the ei tel ions of the "Brothers of tho 
Bridge continued to stand linn on their foundations, as 
they had done for centuries, tho biidgcs of more modem 
consti notion were liable to be swept away by the next 
winters flood. j 

The only mode of seeming foundations was the clumsy 
one of throwing loose stones promiscuously into tho bed of 
tho river, so as to find their own bearing, and then, on the 
top of those loose stones, the stonework of tho starlings 
was ended. The piers were built up on tho foundations 
tlms iiidcly formed; but they wore constantly liablo, as 
may b< 1 eadily imagined, to be unsettled, undermined, and 
carried away by the rapid flow of the river. 
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No architect of eminence devoted himse.f to l ridge- 
.building; and although Inigo Jones furnished the design 
Tor the bridge of Llanrwbt, over I he Ooirwnv in \\ ales, in 
1634, it was a wmk of a eompai itively unimportant cha¬ 
racter, and the only one of the kind on -which lie seems to 
have been employed. In the plan of this bridge the pointed 
arch is no longer adopted, but thiee segment il audios, tlio 
middle of which is of the span of fifty -(ie,ht f< et The road 
way approached the horizontal line, and was of sufficient 
hroadth to accommodate carnage tiatlic. On the -whole, 
the design was of a veiv modem chaiaetor, and -w a< pio- 
bably adopted, to a considerable extent, as a model by 
succeeding bridge-build' 1 ! b. 



Inigo Jones’s Bnd^p at LI mi wst [By I M U linj t ns ] 

ft 

The work, however, soems to h,i\o hern so badly done, 
that it was shortly after found necessary to rebuild one of 
the arches; and to this day the bud go is known as “the 
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shaking bridge,” * as it does not stand very firmly on its 
foundations. Tlio people of the locality consider this a merit. • 
as it certainly is a curiosity, and they attribute the shaking 
of the bridge to the “ very nice principles on which it is 
built.” But that flic bridge should shake or rock could 
have formed no part of Inigo Jones’s design, and that it 
stands at all must be attributable mainly to tho fact of its 
foundation being upon a rock, which cannot bo undermined 
and washed away. 


* A tourist iu North Wales a shake.’ On inquiry I found that 
Bays tl While standing on the the bridge will strongly vibrate 
bridge, admiring the beautiful by a person striking his back for- 
Bcenery, two or thn*e men came cibly against the parapet of the 
and asked in biokiu JKnglish eentio aicli.” (I’arry’s ‘Cambrian 
‘whether I would like to have Minor,’ p. 13±.) 
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Old London Bridge. 

V > 

The erection of the old atone bridge across iho Thames at 
London, was tlio most formidable enterprise of the kind 
undertaken in England during* the Middle Ages. It was a 
%vO*k of great magnitude and difficulty, in consequence of 
thq rapid rise and fall of the tides in flic river, but it was 
ono of essential importance as connecting the fertile dis¬ 
tricts lying to the south of tlio Thames, directly with the 
population of-tlio metropolis. 

As in all similar eases, the feiry (whero the river could 
not bo forded) preceded the bridge. The human a liist 
established a trajcctus on tlio Thames, thus connecting their 
station in London with their military road to Dover. 1 Hon 
Cassius makes mention of a bridge over the Thames at the 
time of the expedition of the Emperor ('lauding in a.p. *11. 
It ipay have been of boats, or it may have been const rut led 
on piles, for the Itomans frequently constnicted biidges of 
this sort in order to maintain their communications. 

After the departure of the Homans the 1 nidge ceased to 
exist, and tho Saxons continued to pass across from one 
side of the rivor to the other by means of a ferry. The 
name of one of the nyisters of the ancient ferry has de¬ 
scended to*us in a tradition of a singular character.* This 


* The tradition is v that John 
Overy rented the ferry of the 
City, and what with Lara work, 
reat jpins, and penurious living, 
e beeftme exceedingly rich, His 
♦laughter Mary, beautiful and of a 
pious disposition, was sought in 
marriage by a young gallant, who 


was rather more ambitious of 1 m mg 
the ferryman’s heir than his son- 
in-law. It is related that the 
ferryman, in one of his fits «f 
usury, fanned a scheme of feign¬ 
ing himself dead for twenty-four 
hours, in the expectation that his 
servants would, out of propneiy 
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was John Ovcry, the father of the foundress of St. Mary’s 
church in Southwark. The property in the ferry,* with • 
its revenues, having become the possession of tlio adjoining 
college of priests of St. Mary’s, they determined on the 
l)old enterprise of erecting a bridge of timber across the 
river. The first mention of this structure is contained in 
the laws of Etholred, where tlu* tolls of vessels coming to ( 
Dillingsgate ml pontfm arc fixed and defined. William of 
Malmesbury states that, in 091, Sweyn, the Danish king, 
when sailing up the river to the attack of London, ran foill 
of the bridge with his ships, and in the contest which 
subsequently ensued between tin* Londoners on tho north 
and the Danes on the south of the river, tho bridgo was 
destroyed. 

V 

It seems, however, to have been repaired by the time that 
Canute sailed up the Thames with his fleet several years 
later; for, finding the bridgo to be an obstacle in his way, 
ho adopted tho bold c'pedient of cutting a wide ditch or 
canal from near Doeklicad, at ltcdiiff, through the marshes 
on the south side of the river, westward to the lower end 
of Chelsea I leach, through which ho drew his ships and 
completed tho blockade of the city. Not long after, in 
1091, the timber-bridge was entirely swept away by. a 
flood; but the provision of so great a convenience was 
found indisponsable, and William Kufus levied a heavy tax 
for its rebuilding. 


fast until after his funeral. He 
was accordingly laid out as dead, 
his daughter consenting to tl 
plan, against her better judgment. 
Tho servants, instead of lasting 
as the ferrnaan lmd anticipated, 
broke open the* laidor and fell to 
baiapn ting, until the dead man 
could boar it no longer, but ro«o 
up in his vv imling-sheet to into 
them. At this, ouo of tho ferry¬ 
men, thinking it was tho devil 
iv ho stood beloic them, seized tho 


butt-end of a broken oar and 
brained Join Overy on the spot. 
Mary Overy’s gallant, heaving of 
tho newt, rode up to town in all 
haste fioin the emntry; but his 
hoi sc stumbling ho was thrown, 
and “ bt ako his neck.” On w hich, 
Mary Overy is said to have 
founded the church which still 
bears her name, and made over 
lior possessions to tho college cf 
priests which was there and then 
established. 
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Again, in 1007, a now tiulber-bridgo rose* upon tho ruina 
.of the old one; hut fifty years later wo find it destroyed by 
*flHfire which broke out in a tenement near London Stone, 
and burnt down all the houses eastward as far as Aldgato, 
and from thence to the south bank of the river, including 
the Bridge. It was again patched up; but it was found 
so costly to maintain the wooden structure, and it rail 
so much risk from tire and lloods, tliat it anus eventually 
determined to build a bridge of stone upon nearly the same 
site; and the wink was accordingly begun by cute Peter, 
tho chaplain of St. Mary's, Colcchureh, in tho Poultry, in 
tho year 1176. 

One .of the most important considerations in building a 
bridge across a deep and rapid river is the security of its 
foundations. Oomparath Jy few of the older hi idges failed 
from the unskilful construction of their niches, hut many 
wero undermined and earned away by floods wliero the 
foundation of tlie piers was insecure. The poiiod at which 
Old London Bridge was built is so remote, and the records 
left of tho mode of conducting tho work are so meagre, that 
it is impossible, even were it desirable, to give any detailed 
account of tho building. Some wliters have* supposed that 
tho w T holo course <>f the iiv« r was diverted in tho lino of 
Canute’s canal above referied to, and that the bed of tho 
Thames was thus laid diy to enable the foundations of tho 
piers to bo got in. This expedient has frequent ly been 
adopted in building In idges across streams of modcrato 
size; but it is scarcely probable that it was employed in 
4 this case. When tfio foundations of tho old bridge wero 
taken \ip, if was ascertained that strong elm piles had been 
driven deep into tbo bed of tlie river as closely as possible, 
and large blocks of stone were cast into tlie interior spaces. 

* Stowo was of thib Mpnn'iu and .ill other points relating to tho 
Sec his ‘Survey.’ Set* abo l)r. structure, see Thompson’s ‘Chro- 
Wallis to Pepys, Oct. 21th, 1< W, nicies of Old London Bridgi, a 
‘ Pepys’s l)iary.’ v. o75. For much singularly curious book, 
unti piarian information on tins 1 
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Long planks, strongly bolted, were placed over the piles, 
and on tlicso tho bases of tlio piers woie laid, the lowermost 
being bedded in pitch, whilst outsido of all was placed th3* 
pilc-woik, oilled stailmgs, foi tho purpose of breaking the 
rush of the watei and piotceting the foundation piles. 

Another statement was long current — that London 
Budge was built on wool-packs -ansmg fiom tho ciroum- 
stan< e that a t ix w is levied by the King upon wool, skifrs, 
and leathei, passing ovci tho budge, towaids defiaymg tho 
eobt of its constiu< tion Tho budge was m a measure re- 
g aided as a nitional woik, and toi moro than two cen¬ 
times iftei its citction, tiibuto continued to bo lovied upon 
the inhabitants of tho countn s neaiest tho metropolis foi 
its maintenance and icpiii. Liberal gifts and donations 
\\cie ilso made with the samo object, until at length tho 
Biid a e Estates yielded a laige animal income. 
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Not loss than tlmty-throo years were occupied in the 
election ol this important stiuctme It was begun in the 
reign of Henry II, earned on during that of Bichard I., 
and finished m tho elovsnth year of King John, 1209. 





Char IV. DESCRIPTION OF THE BRIDffE. 03 

Before then, howeVor, the aged priest, its architect, died, 

# and he was buried in tho crypt of the chapel which had by 

•"(hat time been erected over tho cent jo pier. At his (loath 

another priest, a Frenchman, called JLsenbcrt, who had dis¬ 
played much skill in constructing tho bridges at Saintes 
and Rochelle, was recommended by tho King as his suc¬ 
cessor. But 3iis appointment was not confirmed by the 
Mayor and citizens of London, who deputed three of their 
own body to superintend tho finishing of tho work -the 
chief difficulties connected with which had indeed already 
been surmounted. 

The bridge, when finished, was a remarkable and curious 
work. That it possessed tlio elements of stability and 
Strength was sufficiently proved by tho fact that upon it 
the traffic of London was safely borne across the liver for 
more than six hundred years. But it was an unsightly 
ma§s ,of masonry, so far as tho bridge was concerned ; 
although tho overhanging buildings, extending along both 
sides of the roadway, tho chapel on tho centre pier, and 
tho adjoining drawbridge, served to give it mi exceedingly 
picturesque appearance. One of tho houses adjoining tho 
drawbridge was dignified with the name of JSousueli 
House: it was said to have been constructed in Holland 

* and brought over in pieces, win n it was set up without 
mortar or iron, being held together solely by wooden pegs. 

The piers of the bridge were so close, and the arches so 
low, that at high water they resembled a long low series of 
culverts hardly deserving the name of arches. The piers 
were of various dimensions, in some cases almost as thick 
as th<* spalls of tho arches which they supported weie -wide. 
The structure might bo compared to a very strong stone 
embankment built across tho river, perforated by a numln r 
of small openings, through which the water rushed with 
tremendous force as the tide was rising or falling, tho 
power thus produced being at a later period economised 
and'employed in some of the arches to work water-engines. 
The bridge had not less than twenty arches, including tho 
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drawbridge, some of them being too narrow to admit of the 
passage of boats of any kind. 

This great obstruction of the stream, at a point when? 
the river is about the narrowest, had the effect of producing 
a seiics of cataracts at the rise and fall of each tide, so that 
what was called “ the roar of the bridge'’ was heard a long 
way oft 1 . Tlio feat of “ shooting the bridge ” was in thoso 
days attended with considerable danger, and livos were 
frequently lost in the attempt. Hence prudent passengers, 
who took a boat for down river, usually landed above tlio 
biidge and walked to the nearest wharf below, where they 
again embarked. Tho more venturous risked “shooting 
the bridge,” and thus boats were frequently swamped and 
their passengers drowned. In 11-28 John Mowbray, second 
Duke of Norfolk, when passing under one of the arches, ran 
his ho.it upon the pile-work, and had very nearly perished; 
but leaping on to one of the starlings, he was then hauled 
up to the bridge by ropes lot down to him for the purpose. 
The risk attending this operation of shooting the bridge 
explains the old proverb, that “ London Ibid go was made 
for wise nan to go over, and fools to go under.” 

Perhaps (lie most singular feature of the old bridge was 
its upper platform, consisting of two rows of houses with 
a narrow roadway between, tho chapel and drawbridge, 
and tho turroted battlements at either end. Tho length 
of the roadway was 92G feet, and from end to end it was 
enclosed l>y the lofty timber-houses, which were hold to¬ 
gether by arclies crossing overhead from one range to the 
other and thus keeping the whole in position. Tho street 
w as narrow, daik, and dangerous. There were ft only* three, 
openings between tlio houses on either side, provided with 
balustrade. 1 from which a view of tho river and its shipping 
might be obtained, as well as of tho Tcaf of the houses 
themselves, 'which overhung the parapets and completely 
hid the arches from sight. 

On the centre pier was the chapel with its tower, and at 
the ends of tho bridge weio the gatehouses, on which the 
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giim heads of traitors and unfortunato partisans were 
stuck upon polos until a coinpaiatn tly lecont period. 
1 j * ntzner, a Gorman traveller counted aluno thiity lic.nls 
displayed upon them as 1 ito .is the ) e.u 1598. 

The drawbridge was anotliei euiious hatmc. Itoccu 
pied the fourteenth ,iuh fioin the noith end, and provided 
an opening of about thnty loot. Lt was used for propose- 
of dofence as well as to piovide foi the passage of mash d 
ships. When Jack Cade was told of the anny mulching 
against him, Shakespeare makes him say, “ Let’s go light 
with them; but first go and set London Biidge on the ” 
But Cade’s project having failed, hib head was taken off 
and placed upon a polo, amongst those of other tiaitois, 
over the southern gatehouse, with his faeo looking tow aids 
Kent. 
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Tho bridge was also used as a place of public punish¬ 
ment. Persons found guilty of piaitising wihluiaft wile, 
compelled to do penance them. No less a pusonage limn 
Eleanor Cobham, Duchess of Gloucester, was exposed upon 
the bridge in 1440, for tho alleged crime of witchcraft. 

The bridge had a long history and many \icissitudes. 
lt had scarcely been completed ore the timbei-houses upon 
ii. r 
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it wore consumed by a fire, and the bridge was thus at 
ance stripped of its cumbrous load. But, as the revenues 
required for its maintenance and repair were in a great 
measure derived from the rental of tho houses, which let 
for high sums, they were shortly after erected in even 
more cumbersome forms than before, and were for a long 
time principally inhabited by pin- and needle-makers. 

At a very early period the bridge showed signs of weak 
ness. Before it had stood a hundred years, a patent was 
issued by Edward I., authorising its speedy repair, in orcler 
“ to prevent its sudden fall and tho destruction of innu¬ 
merable people dwelling thereon.” Tolls were authorised 
to bo taken— for every man crossing, a farthing; for every 
horseman, a penny ; for eveiy pack carried on a horse, one 
half-penny. There was not a word of vehicles, which did 
not as yet exist. Tho repairs done to the structure do not 
seem to have been of much effect; for in 1281 five of the 
arches, with the buildings over them, were carried away 
by a flood following a thaw, and the repairs had to be 
begun again on a more extensive scalo than before. At a 
subsequent period Stowe’s gate, tower, and arches, at the 
Southwark side, fell into the river. 

After repeated patching, the bridgo nevertheless con¬ 
tinued to hang together for several centuries longer. It 
witnessed tho processions of priests, the jousting of knights, 
the march of Kentish rebels, the triumphal march of 
Henry V. into the City after tlio battle of Agincourt, tho 
funeral procession of tho same monarch when borne to his 
royal tomb in Westminster Abbey, jand tho entrance to 
the metropolis of liis successor after being cxownpd King 
of France at Notre Dame. Generation after generation of 
toiling men and women passed over tho bridge, wearing 
its tracks deep with thoir feet, and sometimes juoietening 
them with their tears. Still tho old bridge stood on, 
almost down to our own day; for we shall fina ija the 
lives of Smeaton and Bennio, that these eminenlb engineers, 
amongst others, were called upon from time to time to 



ChaK IT. * ANOTHER BRIDGE OPPOSED. 67 

H ■* 

# * f m 

direct its repair; until at last tlio old structure, which 
•had Served its purpose so long, was condemned and taken 
ilown, and the magnificent New London Bridge was 
'erected in its stead. 

It was long before any second bridge w as built over tlio 
Thames' near London. The advantages derived lioiu the 
current of traffic passing through tho City from a distiiet 
extending for fifty or sixty nffles on all sides of London, 
were felt to be of such importance that the citizens would 
not readily part with them. Bridges were regarded as 
the best feeders of towns and chits, and wdioiover oue 
was erected, all iho a\enues by which it was approached 
became speedily converted into sheets of a alliable houses. 
At tho two ends of tlio Thames Bridge were Loudon and 
Southwark; at Tyne Bridge, Newcastle and Oateshead ; 
and at the Medway Blidge, Bodies ter and Sliood. But 
London was extending \\t stw.nd with such rapid stiides. 
ancl the population of Westminster as well as Lambeth 
had so much increased, that tlio provision of an additional 
bridge for those districts came to lie regal ded as a matter 
of absolute necessity. 

An attempt was made with this object in the reign of 
Charles II., but the pi eject was ligoumsly insisted by 
the citizens of London. They waited upon his Majesty 
in etato, and implored him to oppose tlio measure; and, 
on his compliance with tho petition, their expression of 
gratitude towards him was as great as if he had deliveied 
tho City from a famine, or a plague, or a grc.it fire, or 
somd such overwhelming calamity. It is not improbable 
that the citizons secured his Majesty’s support by tho 
offer of money, which he very much wanted at tlio time; 
for we find from tho records of the Common Council, 
of date the 26th October, 1004, Unit upon advancing by 
way Ohioan, the sum of 100,0001. to Charles II., the 
citi^n% took Occasion to thauk his Majesty in the follow- 
ing >< &grotp for preventing the erection of the new r bridge at 
WeatAdpster:— 

v 2 
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“And withal to represent unto his Majesty the City’s 
groat sense and apprehension of, and most humble thanks 
for, the great instance of Ills Majesty’s good and favour 
towards them expressed in preventing of the now bridgo 
proposed to he built over the river of Thames betwixt 
Lambeth and Westminster, which, as is conceived, would 
have been of dangerous consequence to the state of this 

ei I V.” * 

v. 

A few years Inter, in 1671, a similar project was 
attempted, and a hill was brought into tins House of 
Commons to enable a bridge In be erected over ila Thames 
is far west as Putney. Rut the Corporation id' London 
was again up in arms, protesting against thoistablishment 
of any bridge which should enable tbe f initio to piss from 
one side of the river 1o the otln r without goina through 
the City. The debate on tin* subject is exceedingly 
curious, as read by the lij/ht of tin piesent day. Mr. Love 
dn-laml the opinion oi' the Lord Ma^or to lx*. “ that if 
carts were* to go over the proposed new bridge. Loudon 
'I'uttJd 1u‘ ih sfrnfji d’' Pn Milliam Thompson opposed it 
because ii ** vveuld make the skiffs of London too big for 
the body,’ besidis pio lueing wunb andshelves in the river, 
.md a fleeting tin* below-bridge navigation, which would 
e.dise the ships to lie a.s low down as Woolwich; whilst 
Ah-. Iioseavven opposed the hill, hi rinse, if conceded, there 
might be a claim set up Tor m\i a third hridijr , at Lambeth, 
or some other point.t Tin* bill was thrown out on these 
grounds by a majority of 67 to a I ; and for nearly a 
hundred years mine, London had, no* second bridge, not¬ 
withstanding that the old structure was so harrow that 
there w T as not room on it for two carts to pass oaeli other ! 
Since that time, however, twelve bridges have been thrown 
across the river between Putney and the City, and Londcn 

* ‘ City of London Records,’ Commons, from the Year 1607 to 
jor. If), 42:J. 1091.’ Collected by the Hon. A. 

t ‘ Debates of the Hous% of Grey. London, 1769. 
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is not yot destroyed! Indu'd tlie cry still is for nr>ro 
.bridges. 

* The second bridge was built in 171H -fx), nearly opposite 
the palaco of Westminster. During the many emturms 
that hud elapsed since old London Bridge hud been erected, 
the science of bridge-building liad made but, little progic^s 
ill England. r Ehi* principal siruclnres were of wool. 
Tr*‘CS, merely ipi ired, were laid side by side, at light 
angles witli the stnum, supported on perpendicular pih s, 
the roadway being planked out and ro\eud with gravel. 
Old Hath, i » Pnidge was an example of the primitiw 
stiuelim^ ■ y means of which many of our wide rivers 
long eontinued to L> crossed. Few' were built of stum* 
and tliesi, of a • om para lively rude kind, weir principally 
situated upon llie main lines of road; but lhe\ xu'ie 
usu.Ply liable to be swept away by the first heavy llood 
During the period jelbrred to, however, tin- science of 
construction had madr gn at pi ogress in France, and from 
tin* practice of Eveneh engineers our best inodt Iscontinm d 
for some time longer to be dr.iun. lienee, wlit*n tin* 
sanction of Parliament was at length oblained for a second 
bridge to 1)0 built across llie Thames, Labelyc, the Fit'neh 
enginei r, a native of *S\vii/crlaml, was employed to design 
and execute the work. 

It will have been observed that the <hu (‘diilieulty with 
the early bridge-builders wtis, in sreuring proper fotmda- ’ 
^ tiona lor their piers. A common practice was to sink 
baskets of small dimensions, full of stones, in the bed of 
the river, and on Jdie^\ when raised above water, the 
foundation® wore laid. But where the bottom was com 
posed of loose, shifting material, such as sand, it will In* 
obvious that a linn basis could scarcel y be secured by such 
a method. Tho plan adopted by Label ye, though con¬ 
sidered an improvement, at the time, was even inferior to 
the method employed by Peter of (Vilelmreli in founding 
the piers of old London Bridge in the thirteenth century. 
For, clumsy though the latter structure was, it stood uior*< 
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than six hundred years, whilst Westminster Bridge had 
not hoen erected a century before it exhibited sign* of 
giving way; and it is already destroyed. 

Labelye’s method of founding his piers was as follows. 
Ho had a sufficient numbor of largo caissons, or water¬ 
tight chests, prepared on shore, of such form as to fit (dose 
alongsido of each other. They were then floated on rafts 
over the spots destined for the piers, where they were 
permanently sunk. Tho top of each caisson, when sunk, 
being above high-water mark, tho masonry was commenced 
within it, and canied up to a level with tho stream, when 
tho timber sides were removed and the pier was left resting 
firmly on the bottom grating. Tho foundations were then 
protected by sheet-piling, that is hy a row of timbers 
driven firmly side by side into the oaith all round the piers. 

Westminster Bridge was oiiginally intended for a 
wooden biidgo, hut tin* design was subsequently altered to 
one of stone, Labelyo (onsideiing it necessary to have a 
great weight of masonry in order to keep his caissons at 
the proper level. To add to this weight, the engineer 
added a lofty parapet, which Grosley a French traveller, 
gravely asserted was placed there for the purpose of pre¬ 
venting the Londoners from committing suicido! 

Not many years after Westminster Bridgo had been 
opened, the London (’ommon Council, in order to facilitate 
the passago of traffic across tho Thames as near to the 
centre of tho City as possible, applied to Parliament for 
]lowers to construct a bridge at Blackfriars; and the 
requisite Act having boon passed, th^ works were com 
menced in 1760, and finished in 1769. Tho architect and 
engineer of Blackfriars Bridge was Robert Mylne; and a 
noble pieeo of masonry it was. The principal new feature 
in this structure was the elliptical arch,* which Mr. Mylne 
was the first to introduce into England. 


* The disadvantage of the semi- self-contained, it necessarily left to 
circular aroh was that, though a great rise in the road oyerthe 
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The' innovation gave riso to a lively controversy at the 
.ttfbjS, {a which. Dr. Johnson took part,—in opposition to 
lit. Mylne, and in support of his friend Gwyn, who was 
the designer of a rival plan. Boswell, in his ‘Life 
Jphnson/ defends tho design of Mylne, and adds, “ it is 
W&J1 known that not only has Blackfriars Bridge never 
sunk either in its foundation or in its arches, which were 
so much the subject of contest, but any injuries which 
it has suffered from the effects of severe frosts, have been 
already, in some measure, repaired with sounder stone, and 
every necessary renowal can bo completed at a moderate 
expense.” 

This was written in 1791, only twenty years after tho 
bridge had been opened; and, though it may have been 
truo thon, it is so no longer. When the numerous heavy 
piers of old London Bridge—which acted as a dam across 
the river—had been removed, tho low-water mark above- 
bridge foil five feet. The velocity of the unimpeded tide, 
sweeping up and down tho Thames t\\ ice in every twenty - 
font hours, and tlio consequent increased scour along the 
bed of the river, soon began to grind away the foundations 
both of Blackfriars and Westminster Bridges; and they 
exhibited the unsightly appearance of numerous props 
and centerings to prevent the further subsidence of their 
foundations, lienee Labelyo’s bridge at Westminster, 
and Mylno’s bridge at Blackfriars, have since been pulled 
t down, in order to make room for newer bridges. 

Robert Mylno, fcho engineer above referred to, was the 
descendant of a lon$ liqe of Scotch masons and architects. 

bridge, which was thus steep at which hore the lateral picture, 
both rides. By means of tho flat When the span was oxtincive, 
elliptical arch this disadvantage and the arches of considerable 
was obviated, and more water-way flatm the gtlatest care was ako 
was afforded ‘With less rise in tho i required m the selection of tho 
bridge,. But greater science was sjtune, which must m eessauly be 
required to construct bridges of qapahlc of resisting the severest 
this »prt, as the strength mainly , compression, 
depended upon tho abutments, » 
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Tlie originator of the family was an Aberdeen man, who 
erected some of tho principal churches and towers in that 
city, some three hundred years ago. His son was mast&i 
mason to James VI.; ho built a bridge over the Tay at 
Perth, which was swept away by a spate; and executed 
many other works, which were more successful. His son, 
and son’s son, were also master masons. The latter 
rebuilt tho cross at Perth, which had been destroyed in 
Oliver Cromwell's time for the purpose of building tho 
Citadel. The cross has since been demolished as a hin¬ 
drance to traffic. 

Hubert Mylne, the architect who built Blackfriars 
Bridge, was lineally descended from the master mason of 
James VI. In his youthhood he travelled abroad, and 
joined the Academy of St. Luke at Home. lie remained 
there five years, and received the chief prize in the 
highest class of architecture. After the building of 
Blackfriars Bridge, he v as appointed suneyor of St. Paul’s 
Cathedral; and at his death he was buried by the side of 
Sir Christopher Wren. 

Mr. Mylne also held the office of engineer to tho Now 
Kiver Company, in which he was succeeded by his eon, 
and afterwards by his “ son’s son.” 
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William Edwards, IhunoE Builphk 

The difficulties encountered by the early lnidgo builders 
cannot: bo better illustrated than by a brief history of the 
life of William Edwards, architect of Pont-y-Prydd a 
remarkablo work erected at Newbridge, in South Wales, 
about the middle of last century. 

Edwards was born in 1710, in a small farmhouse in 
the parish of Eglwysilan, in Glamorganshire. Jlis lather 
(bed when William was only two years old; luit his 
mother, who was an industrious, well-doing woman, kept 
on tho farm, and piously and virtuously brought up her 
family. William’s literary culture was confined to Welsh, 
which he could read and write from his early youth ; but 
as he gujw older lie also learnt to road and write English, 
though \ioro imperfectly. Ho had 1 lie character of being 
obstinate, stubborn, and self-willed in his boyhood, 
qualities vliicli, under the guidance of virtue and piety, 
became developed into inflexible courage and resolution 
in his maniood. Until eighteen years of ago ho was 
regarded as * wild, headstrong fellow, with little promise 
of good in but he was gradually tamed and disci¬ 
plined by hare* woik, and as lie grew older ho became 
thoughtful and edato oven beyond his years. 

Edwards’s firstyrdinary employment was common farm- 
work; but at thogamo time he was a diligent self-edu¬ 
cator, taking lesson h x arithmetic from a neighbour in the 
evenings. It happ^od that, in the ordinary course ol 
affairs, he had occasin to repair the dry-stone Avails about 
the farm. He took ^artieulai pleasure in this kind ot 
work, and very soon beanie lemarkahly handy at it; but 




William Edwards. [By M. T^gan.] 

would occasionally leave hie farm-tt>rk and take h^l ^nd 
in the field where the masons * orQ employed; pijgerly 
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washing them while they worked. lie admired the way 
inT which they handled their tools and prepared the 
sfcftiffr for the building. One thing that he particularly 
note$ was the way in which they dressed tho rough 
blocks by means of tho pointed end of tho mason’s 
hammer. Ho tried to do the samo, but failed, his hammer- 
point not being steeled. He then impiired and ascertained 
the cause of liis failure, and went to a smith and had a 
steeled point added to his hammer. With this he suc¬ 
ceeded in dressing his stones much moie neatly and 
quickly than ho had boon able to do before. 

Practice and application, and tho desire to oxcol, even 
in dry-stono wall building, inevitably carry a man onward; 
and Edwards soon became so expert in this sort of woik, 
that he was extensively employed in repairing and build¬ 
ing dry-stono walls for tho neighhoui ing farmers, liis 
walls were observed to be so neat, so firm, and so service¬ 
able, that ho was everywhere in request, and his c,linings 
were regularly added to tho common stock of his mother 
and brothors, who carried on the business of the farm. 
He began to consider himself fitted for something better 
than continuing this rough sort of woi k; and ho thought 
that, instead of being a more builder of diy-stono walls, 
he might even undertake to become a builder of houses. 

An opportunity occurred of electing a little workshop 
for a neighbour, and Edwards acquitted himself so well, 
that he gained much praise for his skill. Thus proving 
his ability in small things, he was shortly entiustod with 
the execution of wqjks of greater impoi tanco. lfo lind 
scarcely reached the ago of twenty -0110 when ho was 
employed to build an iron forge at Cardiff, and while 
carrying on the woik ho lodged with a blind man, named 
Iiosser, by trade a baker. Rosser knew the English 
language, which as yet Edwards did not; and, what was 
more, tho blind man could teach it to others. Tho young 
maS^itl ^.determined to take lessons of his landlord; and 
suohyfas his assiduity and perseverance during his leisure 
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hours, that ho very shortly contiived to master the new 
language. 

When he had completed his contract, which he did to 
*he entile satisfaction of his employers, he regularly 
entered upon the business of a houso-builder on a consider¬ 
able scale, and veiy shoitly there was not a building ol 
any magnitude or importance in the neighbourhood— 
w bethel it vveie a mansion, a mill, or an iron forge—which 
he was not willing as well as competent to undertake. 

Puiing his leisuie he took great pleasuio in studying the 
luiub of Caeiphilly Castle, near to wlioio he lived. This 



Rains of Caerphilly Castle. 


castle was once the Lugist in the kingdom, next to 
Windsor, and its ruins aie still of gjioat extent, covering 
an area of about thirty acies. Its walls are of prodigious 
thickness, and its leaning tower has stood for centuries, 
ii dining as much as cloven feet out of the perpendicular, 
htld together piincipally by the stiength of its cement. 
This old castle was tho coll ego in which Edwards studied 
the piinciplcs of masonry; and he himself was accustomed 
to say that he had derived moie advantage from wandering 
about tho ruins, observing the methods adopted by th« 
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ancieut builders, tlio manner in which they hud hewed 
.dressed, and sot their stones, than from all the other in- 
sTruction ho received. It was while employed in erecting 
a mill in his own parish that ho first applied tho know¬ 
ledge ho had gained by studying the ruins of Caerphilly, 
in the construction of an areli. The mill was finished to 
admiration, and professional builders pronounced Edwards's 
arch to 1)0 an excellent piece of masonry. 

Employment now flowed in upon him, and when any 
work of moro than ordinary difficulty was proposed, up 
plication was usually made to William Edwards, lienee, 
in 1746, when it was proposed to throw a In id go over tin* 
river Taff, lie Avas employed to build it; and though ho 
was only twenty-seven years old, and had not yet built 
any bridge, ho liad tlie courage at once to undertake the 
work. Tho briilgo was built of three arches, in a style 
superior to anything of the kind that had been erected in 
the ‘ neighbourhood ; the stones Avero excellently dressed 
and closely jointed; the arches were light and elegant, 
and supposod to he sufficiently substantial for the duh 
they had to perform, and as a whole the erection \\a* 
much admired, and greatly added to the fame of its 
builder. 

It would appear, hoAvever, that Edwards had not sufli- 
eiontly provided for tho passage of the floods, Avhich in 
certain seasons rush doAvn from flic Brecknock I lea eon 
% mountains Avith great impetuosity. Above Newbridge 
sCA^eral rivers of eonsiderable capaeitv, such as the (Vue, 
the Bargold Taff, iud the (\)iion, besides numberless 
brooks* descending rapidly from tho high grounds, con¬ 
tribute to swell the torrent so as to render it almost iue- 
sistible. The piers of Edwards’s new bridge unfortunately 
proved a serious obstruction in the Avay of a heavy flood 
which swept doAvn tho valley about two years and a half 
after the‘bridge had been completed. Tices Avcre torn up 
by the Toots and carried down tho stream, lodging athwart 
the piers, where brushwood, haystacks and field-gates. 
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becoming firmly stuck amongst their branches, choked up 
their arches and fairly dammed the torrent. The waters 
rapidly accumulated above the bridge and rose to the para- 
pets ; the sides of the valley being steep, left no room for 
their escape, and the tremendous force finally swept away 
arches and piers togother, carrying the materials far down 
the river. 

This destruction of his first bridge was doubtless a 
terrible blow to the builder, who was bound in sureties to 
maintain it for a period of seven years. But worse even 
than tlio loss of liis time and labour was the failure of his 
design, the most distressing of all things to the man who 
takes a proper pride in his calling. 11 o resolved, how¬ 
ever, to fulfil liis contract, and began tlio building of a 
second bridge of only one arch, to avoid the defect which 
had proved the ruin of tlio first. 

This second bridge, without piors, w r as a much moiti 
difficult woik than the first, in eonsequcnco of the wide 
span of the arch, which was not less than 140 feet, the 
segment of a circle of 170 foot in diameter. No such ex¬ 
tensive span had yet been attempted in England j and 
oven on the Continent, where the science of bridge-build¬ 
ing was much better understood, the only bridges of larger 
span were of ancient construction, chiefly Koman. Michael 
Angelo’s beautiful bridge of the ltialto, at Venice, was 
tlio largest span attempted in modern times, and its width 
was only about 100 feet. 

The result of Edwards’s daring expoiiment proved its 
extreme difficulty. Ho succeeded iik finishing the arch, 
but had not added the parapets, when the tremendous 
pressure of the masonry over the haunches forced th^rn 
down, the light crown of the bridge sprang Up, thd Key 
stones were forced out, and a second time the labour of 
Edu ards was lost, and his masonry lay a ruin' at the 
bottom of tlio ri7cr. Yet not altogether lost** fbr by 
failuro ho learnt experience, dearly bought 
been. 


though it had 

y. 

, 4b 
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®h© undaunted man determined to ti 7 as, tin Twice he 
had failed, yet he was not uttul> di hated in liis losources. 
lie would try anew expedient, and ho holloaed lit should 
eventually succeed Toitunatclj his filends ldieted 111 
him too, for they gcnerouslj cuno fonvaid and helped him 
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with, t&© means of budding his third bridge, which pioved 
a complete success Tho oourage and skill of Edwirds 
wot© crowned at last 

Th© plan which ho adopted of more equally b dancing 
the^^ofk and relieving the sea ere thrust upon the 
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haunches, was to introduce three cylindrical holes or tun¬ 
nels in the masonry at those parts of the bridge. The same 
plan is found to have been adopted in some of the ancient 
bridges, and Perronet, the great French engineer, not only 
formed such tunnels over the haunches, but occasionally in 
the piers themselves. Where Edwards gained his informa¬ 
tion as to the expedient, or whether lie had gathered it 
from his own hitter experience, is not known; but it 
answered his purpose. Three cylindrical holes were built 
over each haunch the lowest and outermost nine feet in 


diameter, the next six feet, and the highest and innermost 
three feet. The arch, the same in width as that which 
fell four years he fore, w'as finished in 1 Too, and the beautiful 
“ rainbow bridge” lightly spans (he Tail’ at Newbridge to 
this day. 

The singular inflexibility of purpose displayed by our 
engineer in grappling with and o\eicoming the difficulties 
encountered by him in the erect ion of his first bridge, 
become the subject of genoial interest throughout Wales. 
When it was finished and opened for public traffic, and the 
news spiead abroad that the extraordinary arch of Pont-y- 
Prydd at last stood firm as the rocks on wdiich it rested, 
strangers flocked from all parts to view' it, and the Welsh 
people, as was natural, became proud of their countryman. 
Employment flowed in upon him, and ho wont on hail ding 
bridge after bridge in all parts of South Wales. 

Among the more important of the later works of Ed¬ 
wards were the large and handsome bridge over the river 
l r sk, at the town of Usk, in JMonmoiitjishire; one, of three 
arches, over the river Tame, near Swansea; •another, of 
one arch of 95 foot span, over the samo river near Mor- 
riston; a third, w'ith an arch of HO feet, at Pont-cer-Tamc, 
several miles higher up; and Beltws and Llandovery 
Bridges, in the county of Caermarthcn, the latter .of 84 


feet spun. lie also built Aberavon Bridgo, in Glamorgan¬ 
shire, with an arch of 70 feet span ; and Glasburv Bridge, 
of four arches, over the Wye, near Hay, in Brecknockshire, 
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which was afterwards carried away by one of the floods 
bo common in the district. 

Edwards’s strong judgment mal keen observant facul¬ 
ties, ripened by experience, enabled him, as lie grew older, 
to introduce many improvements in his bridges. lie flat¬ 
tened his arches, so as to render the passage of vehicles 
over them more easy than in the ease of 1'ont-y-lYydd, - the 
steepness on either side of n liioh was found to l»o so great 

an obstacle, that it was afterwards found liceessarv to 

« 

supersede its use hy a more level bridge erected on moth ru 
principles. lienee his laior works presented a considerable 
improvement in this respect upon his earlier ones: ami 
while he continued to be equally careful in providing 
ample water-nay under Hie arching, and to erect, his 
bridges with a view to the givahst possible durability, 
he took increasing pains to provide a more capacious and 
level roadway over them, and to render Hiem in all \\u\s 
more oasy and convenient for public use. 

Besides bis numerous bridges, Edwards continued, 
during the remainder of his long life, to erect smell ing- 
houses, forges, and buildings of various hinds for purposes 
of manufacture. Nor did his building business exclusively 
occupy his time, for, in addition to his profession of building 
engineer, he earned on the business of a farmer until the 
close of his life. Not even on Sundais did lie cease J’toni 
Ids labours. The Sabbath was no day of rest for him, 
but his labours tin n were all labours of love. 


In 17o() he became an ordained preacher amongst the 
Independents, bliortjy after, ho was chosen minister ot' 
tho congregation to which he belonged, and he continued 
to hold the office for about forty years, until his death, 
lie occasionally preached in the neighb<airing meeting¬ 
houses: amongst others, in that of Mr. ltces, the father of 
Abraham Bees, oilitor of the well-known ‘Encyclopedia.’ 
This meeting-houso was one of the numerous buildings 
erected by Edwards himself. 

He always preached in Welsh, and his discourses are 
ii. u 
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said to have been simple, sensible, and full of loving-kind¬ 
ness. His fellow-countryman Malkin* says of him,, that, 
though a Calvinist, ho was one of a very liberal desorp¬ 
tion; indeed, he carried his charity so far that many 
persons suspected he had changed his opinions, and for 
that reason spoke very unhandsomely of him. AS he 
grew older lie became increasingly charitable, and tolerant 
of other men’s views, avoiding points of doctrinal dif¬ 
ference, lmt urging and enforcing that the love of God 
and of our neighbour is the aim and end of all religion. 
Holding it to be the duty of every religious society to con¬ 
tribute liberally of 1 heir moans to the support of their 
ministry, lie legularly took the stipulated salary which his 
congregation allowed to their preachers, but distributed 
the whole of it amongst the poorer members of his church, 
often adding to it largely fiom his own means. 

This wen thy engineer died at the advanced ago of 
seunity. respected and beloved by men of all parties; and 
he'was bmied in the churchyard of his native parish of 
EglwysiLin, amidst the graves of his children. Three of 
his sons ueiv, like their father, eminent bridge-builders: 
l)a\id having construct* d the fine live-arched bridge over 
the Usk at Newport, as well as the bridges at Llandilo, 
Ed w insford, Puntloyrig, Bed was, and other places. In¬ 
deed, William Edwards may be said to have fairly 
inaugurated tho revival of the art of bridge-building in 
England. After his time, it was taken up by Smeatou, 
Bennie, and Telford, and its progress will accordingly 1)0 
deseribed in connection with tho livys and works of those 
distinguished engineers. * * 


*‘The ‘Yenciy, Antiquities, Esq., M.A. F.A.S. 1807, YV»1 
and Biography of South Wales.’ i. p. 144. , 

B> Benjamin I faith Malkin, 
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Par in the bosom of tho deep, 

Otr these wlllsh lvcs my witch I keep, 

Anillyg m if chmg ful light 
Doun 1 in the du&ky brow of i i^ht, 
l he s n m bi K my lusts i h ul 

4nd tot ns to btnkL bis timorous hail.— S'ir Wjitrr Hcjat 






LIFE OF JOHN SMEATON. 


CHAPTER I. 

y meatun’s Bo\iiood and Education. 

The enginoor of the Eddystone Lighthouse was Biimlley’s 
junior by only eight years. They frequently met in con¬ 
sultation upon important engineering undertakings ; some¬ 
times Smeaton advising that Brindley should he called in, 
and Brindley, on his part, recommending Smeaton. They 
were, in fact, during their lifetime, the leading men in 
their profession; and at Brindley’s death Smeaton suc¬ 
ceeded to much of his business as consulting engineer in 
connection witli tlio construction of canals and of public 
works generally. 

Smeaton had the great advantage over Brindley of a 
good education and bringing up. He had not, like the 
Macclesfield millwright, to force his way up through the 
obstructions of poA r erty, toil, and parental neglect ; hut 
was led gently by itie -hand from his earliest years, and 
carefulTy trained and cultured after the best methods then 
known. But Smeaton, not less than Brindley, was im¬ 
pelled to the career on which he entered, by a like innate 
genius for construction, which displayed itself at a very 
early ago; and, being permitted to follow his own bent, 
his force of character and strong natural ability, diligently 
cultivated by study and experience, eventually carried him 
to the very highest eminence as an engineer. 
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John Smcaton was bom at Austhorpo Lodge, neai 
Leeds, on the 8th of June, 1724, his father being a je- 
spectable attorney practising in that town. The hotiSiin 
which the future engineer was bom was built by bis 
giandfather John Smeaton, who is described on the tablet 
to his memory erected in the neighbouring parish church 
of Whitkirk, as “ late of York.” 



Smcaton’s Native Dihtrtct [Ordnance Survey ] 


Lads was then a place of small importance, compared 
Avi tli what it is now. Tho principal streets were those 
still known as Biiggatc, leading to tho bridge; Kirkgate, 
leading to the parish chuicli, and Swincgate, leading to 
the old eastlo. Beyond those sheets lay a wide extent of 
open fields. Boar Lane, now nearly the centre of the 
town, was a kind of airy subuib ii) .which the principal 
raw chants resided; and tho back of tho houses* in tho 
upper part of Briggate, now the main street, looked Into 
the country,* or to “the Park,” on which Park Square, 
Paik Bow, and Park Lane (now containing the new Town 
Hall), have since been built. There were also green fields, 
with pleasant footpaths, between the parish church Kind 

Whitaker’s Thoresby, ‘ Loidis and Elmeto,* p, 8& 
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thd, liver Aire, through certain gardens, then, as now, 
11 The Calls,” though the gardens exist no longer. 

/The clothing trade of the town an as then so small that 
the doth market was held in the open air upon the bridge, 
where the cloth was exposed for sale on the parapets. 
The homely entertainment of the olothieis at that day 
Was a u brigend shut,” consisting of a noggin of porridge 
and e pet of ale, followed by a twopenny trencher of nuat. 
Down to tho year 17.10, the biidge anus so narrow that, 
only one cart could pass over it at a time. But tho nnmh< r 
of wheeled vehicles then in use an as so small that the 
inoonvonience was scarcely felt. The an hole of the eloth 
was brought to market on men's and hoises’ backs. ‘ < \uIs 
were in like manner carried from the pits ou hotseluek, 
the- stated weight of a “liorso-paek” being eighteen htonc, 
or equal to two hundredweight and a quailer.f In the 
rural districts of Yorkshire, manine anus also cu tried a-lh Id 
on horses’ backs, and sometinus on womm’s barks, while 
tho men sat at liomo knitting.} The cloth-packs an no 
carried by tlio “bell-horses,” or pack-hors< s; and tins 
mode of conveyance continued until tow aids the end of 
last century. Scatehcrd &a>s the paek-hui m s only u.^ul 
to travel about the year 1794. 

Tho Leeds men, it seems, A\eie not consult red so 
“quick” as tlioso of Ilradfoid, tin n a much smalh r pl.u •• 
and comparatively of tho dimensions of a \illage. It was 


* This is Hear from ail allusion 
made by Thorcbby to an AH 
passed Jin yi4, rcgnlaTim? tho 
manufacture of broad-cloth, by 
which the length was increased 
firoBj* four or six-and-twenty to 
eixfy and even seventy jards, 
“to great oppression,” sajs 
Th6ra$by, “ both of man and beast 
in flWrtinge.” 

je*ton*8 ‘Reports,’ vol. iii. 
.fie. Smeaton soys that 
biyention of rail or 



A\tlt,gOn I (Mils .it N’lVl! lstli, “ ill 
tlii <'<uls tii.it \uu r'.uiud down 
to the ships must haw ln< n <*ou- 
Ai*Atd on boisjs’ b.uJ<s M Uh.it 
w.is oulhd 1 iow I ol .•oils,” w is 
nekoiud a horsi -load; and m 
Yorkt»hiio(wh< il the lust wair^on- 
wny anus laid within Sun atoii’s 
ri collection) tho load ot coals and 
tlu* “liorso-pnok ” won* u.idily 
substituted the one (or tin 1 otlur 
X Broeki tt’s ‘ (ilossar> ot Xoith 
Country Words.’ N< w castle, 1^23. 
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long beioie tlie lx oils people provided themselves with a 
maiket foi theii cloth. The first was on Mill Hill, after- 
wflids n moved to the Calls; and finally, in 1757, they 
elected a laigo hall for the market in the Park, now known 
as the Colouied Cloth Hall. But even then the place 
remained comparatively rural as regards its extent and its 
sin rounding country. 



View oi Liuis, tail} |>irt ul I tli Ciutuij,* [tioui Ilijrusbj a ‘JluuitUo Lcudcoafs .' 1 


Smeaton was greatly favomed in his home and his 
family. Tie luccived his fiist education at his mother’s 
knees ; and when not occupied with his lessons he led the 
life of a healthy, happy country hoy. Austliorpe was 
thui quite in the country, the only houses in the noigh- 
houihood being those of the little hamlet of Whitkirk, 
w ith the large old mansion of Temple Is ewsam,.surrounded 
by its noble park and woods, close at hand. Young 
Smeaton was not muen given to boyish sputs, and early 
display or a thoughtfulness beyond his years. Most children 

* The pnncipal buildings shown j by Thorcsby as “ black, but come- 
ui the above vu w of I teds, about ly ”), St. John’s Church, and Call 
the timi when Smeaton was Ixnn • Lane Chapel, 
are the Pfui&h Chuich (debcnbed ) 
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are naturally fond of Imi' ling up miniature fabrics, and 
perhaps still more so of puJbng them down. But little 
Smeaton seemed to have a more than ordinary love of 
contrivance, and that mainly for its own sake. lie 
was nevor so happy as when put in possession of any 
cutting-tool, by which lie could make his little imitation* 
of houses, pumps, and windmills. liven while a boy in 
petticoats, ho was continually dividing circles and squares, 
and the only playthings in which he seemed to take any 
real pleasure, were the models of tilings that would “ work.’ 1 

When any carpenters or masons were employed in the 
neighbourhood of his father’s house, the inquisitive boy 
was sure to bo amongst them, watching the men, and 
observing how they handled their tools, lie would also 
bother the workpeople with questions, many of which 
they oould not answer, nor even mid 01 stand. ITis life-long 
friend, *Mr. Holmes,* who knew' him in his youth, has 
related that having one day observed some millwrights 
at work, lie was seen shoitly after, to the great alarm of 
his family, fixing something like a windmill on the top of 
his father’s barn. On another occasion, when watching 
some workmen fixing a pump in tho village, ho w\is su 
lucky as to procure from them a piece of bored pipe, 
which he succeeded in fashioning into a working pump 
that actually raised waiter. His odd elevimess, however, 
docs not seem to have been appreciated; and it is told 
of him that amongst the other boys lie was known as 
“Fooely Smeaton;” for, though lorwaid uiough in put¬ 
ting questions to tli£ workpeople, among boys of his own 
age ho *vas remarkably shy, and, as they thought, stupid. 

At a proper ago the boy was sent to school at Leeds. 
The town then possessed, as it still does, tho great 

* Ail eminent clock and watch- Smeaton, C.E, F.R.S.* published 
maker in the Strand, u‘terwards m ]793, contains the gist of ncaily 
Sme&ton’s partnor in the l>ept- all the notin s of SmoatonS liio 
ford Waterworks. His ‘Short which have since been published; 
Narrativecf the Geniun, Life, und though it n> but a meagre account 
Works of the late Hr. John ot only a few pages in length. 
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advantage of an excellent Free Grammar School, fcufi&ed 
by the benefactions of Catholics in early times, afterward© 
greatly augmented by the endowment of on© John 
Harrison, a native of the town, about the period of ■ the 
licfonuation. At this school Smeaton is supposed to have 
received the best part of his school instruction, and it is 
said that his progress in geometry and arithmetic was 
very decided; but, as before, the chief part of his educa¬ 
tion was conducted at home, amongst his tools and his 
model machines. TJiero ho was incessantly busy when¬ 
ever ho had a spare moment. ' 

Indeed, his mechanical ingenuity Rometimes led him 
to play tricks which involved him in trouble. Thus, it 
happened tli.it some mechanics came into the neighbour¬ 
hood to < rect a “fire-engine,”—as the steam-engine was 
then called - for the purpose of pumping water from the 
Garforth coal-mines; and Smeaton made daily visits to 
them for the purpose of watching their operations. Care-* 
fully observing tlicii methods, he proceeded to make a 
miniature engine at home, provided with pumps and other 
apparatus, and ho even succeeded in getting it set to 
work before the colliery engine was ready. He first tried 
its powers upon one of the fish-ponds in front of the house 
.it Austhorpe, which ho succeeded in pumping completely 
dry, and thereby killed all the fish in the pond, very much 
to the surprise as well as the annoyance of his father. 

Hut his father seems to havo been indulgent, if he was" 
not proud of his boy, for he provided him with a work¬ 
shop in an outhouse, where he lyimmered, filed, and 
chiselled, very much to his heart’s content.* Working 
on in this way, young Smeaton contrived, by the'tun$, he 
had reached his fifteenth year, to make a turning-lathe, 
on which ho tinned wood and ivory, and mado present© of 
little boxes and othor articles to bis various friends,,/ 'He 
also learned to work in metals, which he fusod and forged 
himself; and by the age of eighteen, he could handle tools 
with the oxpertness of any regular smith or joiner, 
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tli© year 1742,” says his friend, Mr. Holmes, “ 1 
§1^£ft W>nth at his father’s house; and being; intended 
S^T for a mechanical employment, and a lew years 
y$jpger than he was, I could not but view his works with 
admonishment. He forged his iron and stool, and molted 
hid metal. He had tools of every soi t for working in wood, 
ivdBPy, and metals, lie had made a lathe, by which ho 
out a perpetual screw in brass,-a thing little known 
at that day, and which, I believe, was the invi ntiou of 
Mr#Henry Hindley, of \oik, with whom I solved my 
apprenticeship. Mr. Hindley was a man of the most 
communicative disposition, a great lover of mechanics, and 
of the most fertile genius. Mr. Hmeaton soon became 
acquainted with him, and spent many a night at Mr. 
Hindley’s house till daylight, conversing on these subjects.” 
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CHAPTER II. 

SilEA'ION LEAH Ns US TRADE OF MATHEMATICAL INSTRUMENT 

Maker. 

Youno Smeaton left school in his sixteenth year, and from 
that time he \v;is employed in his father’s office, copying 
legal documents, and passing through the necessary pre¬ 
liminary training to tit him to follow the profession of an 
attorney. Mr. .Smoaton, having a good connection in his 
native ttmu, naturally desired that liis only son should 
succeed him. But the youth took no pleasure in Law: 
his heart was in his workshop with his tools. Though 
lie mechanically Ira veil* d to the office daily, worked assi¬ 
duously at his desk, and then travelled back again tc 
Austliorpo, he every day felt more and more the irksome¬ 
ness of his employment. 

Partly to wean him from his mechanical pursuits at 
home, which often engrossed his attention half the night, 
and partly to give him the best legal education which it 
was in his power to bestow, Mr. Smoaton sent his son to 
London towards the end of the year 1742 ; and for a short 
time lie occupied himself, in conformity with his parent’s 
wishes, in attending the Courts in Westminster Hall, 
liut at length he could not repress- his strong desire tc 
pursue some mechanical occupation, and in’a flirm but 
respectful memorial to his father, lie fully set forth his 
views as to the particular calling which he wished to 
follow, in preference to the profession of the law. 

T1 ie fatliei’s heart was touched, and probably also his 
good sense was influenced, by the son’s earnest appeal; 
and he wrote back, giving his assent, though not without 
his strong expression of regret as to the course which 



Chap. II. 


SMEATON BECOMES A MECHANIC. 


93 


his son desired to adopt. No doubt ho thought that in 
giving up the position of a member of a learned and 
lucrative profession, and descending to the level of a 
mechanical workman, his son was performing an art of 
great folly; for there was no such thing then as the pro¬ 
fession of a civil engineer. Almost the only mechanical 
work of importaneo done at that time was executed by 
millwrights and others, at labourer’ wages, as wo luivo 
already seen in tho Life of Ilrindley. The educated 
classes eschewed mechanical callings, which were neither 
regarded as honourable nor remunerative ; and that 
Smeaton should have felt so strongly impelled to depart 
from the usual courso and enter upon such a line of occu¬ 
pation, must bo attributed entirely to bis innate lovo of 
construction, or, as bo himself expressed it to his father, 
the “ bent of his genius.” 

When ho received his father’s letter, tho young man 
experienced the joy of a prisoner on hearing of his reprieve, 
and he lost no time in exercising his new-found liberty. 
Ho sought out for himself a jdiilnsopliic.il instrument 
maker, who could give him instruction in the business ho 
proposed to follows and entered into his sei vice, his father 
being at the expense of his maintenance, in duo courso 
r of timo, he was enabled to earn Mitliciejil wages to main¬ 
tain himself; but his Either continued to assist him 
liberally on every occasion when money was required 
either for purposes of instruction or of business. 

^ Young Smeaton did not live a mere w oik man’s life. IIo 
frequented the society of^educatul men, and was a regular 
attendant of* tho meetings of the ltoyal Society. In 17.10, 
he lodged in Groat Turnstile, a passage leading from tho 
south side of Holborn to the cast side of Lincoln’s Inn 
Fields; and shortly after, when lie commenced business as 
mathematical instrument maker on bis own account, ho 
lodged in Fumival’s Inn Comt, from which liis earlier 
papers read beforo tho Royal Society were dated. 

During the same year in which ho began business, ami 
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when he was only twenty-six, ho read a communication 
before the Royal Society, descriptive cf his own and ]Dr. 
Gowin Knight’s improvements in the mariner’s compete. 
In the year fallowing (1751) wo find him engaged in & 
boat on tlio Serpentine river, performing experiments Vrltli 
a machine of his invention, for tho purpose of metering 
the way of a ship at sea. With tho same object he made 
a voyage down the Thames, in a small sailing vessel* to 
several leagues beyond the Nore; and he afterwards made 
a bhoit cruise in tho ‘Fortune’ sloop of war, testinghis 
instruments by tho way. 

His attention as jet seems to have been confined chiefiy 
to tho improvement of mathematical instruments used for 
purposes of navigation or astronomical observation* In 
tlio year 1752, however, he enlarged tho range of his 
experiments; for w t o find him, in April, reading a paper 
before 1 the Royal Society, dcscriptivo of some improve¬ 
ments which he had contrived in tho air-pump.* On the 
lltli of June following, ho read another paper, descriptive 
of an impiovement which ho had made in ship-tackle by 
tho construction of pulleys, by means of which one man 
might easily raise a ton weight; and on tho 9th of 
November, he lead a third paper, descriptive of M. X)e 
Moura’s experiments on Savory's steam-engine. # 

In the course of the same year ho was busily ocoupied 
in performing a series of experiments, on which his 
admirable paper was founded, read before tho same Society, 
and for which ho received tlieir Gold Medal in 1759— 
entitled “ An Experimental Inquiry concerning the Natural 
Powers of Water and Wind to turn Mills and othysr 
Machines depending on a Circular Motion.” This paper 
was veiv carefully elaborated, and is justly regarded as 


* Twenty years later, ho gave enabled him to x&rify air fl&Orf 
this an-pump to Dr. Priestley, than 400 times (Rntt, r< l4ft& of 
who found it so excellent that he Pnestley/ i. 78 and 223.) " 
brought it into public notice It 
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the jnoefc masterly report that has ever heen published on 
theatjbject. 

* $6 ac^mplish all this, and at the sumo tirno to carry 
ptk fill business, nccossaiily involved groat application and 
industry. Indeed, Smcaton was throughout his life an 
indefatigable student,—bent, above all things, on self-im* 
prtjvement. Ono of his maxims was, that “ tho abilities 
of "the individual arc a debt due to the common stock of 
public happinessand tho steadfastness with which ho 
devoted himself to useful work, in which at the same thno 
helfound his own happiness, shows that this maxim was 
no mere lip-uttcranco on his part, but formed tho very 
mainspring of his life. From an early period ho carefully 
lftid out his time with a view to getting the most good out 
of it. So much was set apart for study, so much for 
practical experiments, so much for business, and so much 
for rest and relaxation. 

We infer that Smeaton could not liavo done much 
business as a philosophical instrument maker, from tho 
considerable portion of his time which ho devoted to study 
and experiments. Probably ho already felt that, in tho 
Course of the development of English industry, a field was 
opening before him of a more important character than* 
any that was likely to piescnt itself in the mathematical 
instrument line. IIo accordingly seems oaily to liavo 
turned his attention to enginceiiug, and, amongst other 
branches of study, ho devoted several hours daily to 
■'the acquisition of French, in order that he might bo 
able to-read for himself the woiks on that science which 
were then frnly to be found in that and tho Italian lan¬ 
guage. He had, however, a I’m th< r object in studying 
French, which was to enable him to make a journey 
wb&$| be contemplated into the Low Countiics, for the 
purppfee of inspecting tho great canal works of the foreign 


4$&rdingly, 1754, he set out for Holland, and travel sed 
th^f&nfitry and Belgium, travelling mostly on foot and 
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in treckscliuyts, or canal boats, both for the sake of 
economy, and that he might more closely inspect the 
engineering works of the districts through which *he 
passed, lie there found himself in a country which had 
been, as it were, raked out of the very sea,—for which 
Nature liad done so little, and skill and industry so much. 

From Rotterdam ho went hy Delft and the Hague to 
Amsterdam, and as far north as Holder, narrowly inspect¬ 
ing the vast dykes raised round the land to secure it 
against the clutches of the sea, from which it had been 
originally won. At Amsterdam ho was astonished at the 
amount of harbour and dock accommodation, existing at 
a time when London as yet possessed no conveniences ol 
the sort.- though indeed it always had its magnificent 
Thames. Passing round the country hy Utrecht, he 
proceeded to the great sea-sluices at Brill and Ilolvoet- 
sluys, hy means of which the inland waters discharged 
themselves, at the same time that the sea-waters were 
securely dammed out. 

Seventeen years later, ho made use of the experience 
which lie had acquired in the course of his careful inspec¬ 
tion of these great works, in illustrating and enforcing 
the recommendations contained in his elaborate report 
on the best moans of improving Dover Harbour. He 
made careful memoranda during his journey, to which he 
was often accustomed to refer, and they proved of great 
practical value to him in tho course of his subsequent 
extensivo employment as a canal and haibour engineer. 

.Shortly after his return to England in 1755, an oppor¬ 
tunity occurred for the exercise of" that genius in construc¬ 
tion which Smeaton had so carefully disciplined and culti- 
uitrd; and it proved the turning point in his fortunes, as 
well as the great event of his professional life 
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chapter jii. 

The Eddystone Rock —AVinstanlly’s and Rudyekd's 
r Lighthouses. 

The Eddystone for jus the crest of an extensive nef of 
rocks which rise up in deepwater about fomteen mihs 
S.S.AV. of Plymouth Harbour. Being well out at si a, the 
rocks arc nearly in a line with Li/.ird Head and Stall 
Point; and besides being in the way of ships hound foi 
Plymouth Sound, they lie in tlio very direction of vessels 
coasting up and down the English Channel. At low 



Coa-t of l)e\on aixl Ojiiiw.iI . 


,wat<jj% Beveral long low reefs of gneiss arc visible, jagged 
and black; but at high water they are almost completely 
submerged. Lying in a sloping manner t< wauls the 
south-west quarter, from which tho heaviest seas come, 
IT. H 
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tho waves in stormy weather come tumbling up the elope 
and break over their crest with tremendous violence. T^ie 
water boils and eddies amongst the reefs, and hence the 
name which they have borne from the earliest times 6i 
the Eddystonc ltock. t . 

It may readily be imagined that this reef, whilst un¬ 
protected by any beacon, was a source of great danger to 
tho mariner. Many a ship coming in from the Atlantic 
was dashed to pieces there, almost within sight of land 
and all that came ashore was only dead l>odies and float¬ 
ing wreck. To a\oid this terrible rock, the navigator was 
accustomed to give it as wide a boith as possible, and 
homeward-bound ships accordingly entered the Channel 
on a much more southern paiallel of latitude than they now 
<lo. In his solicitude to avoid the one danger, the sailor 
too often run foul of another; and hence tlio numerous 
wrecks which formerly occurred along the French coast, 
more particularly upon the dangerous rocks which sur¬ 
round the Islands of Jcisey, (hiernsey, and Alderney. 

Wo have already described the rude expedients adopted 
in early times to light up certain of tho more dangerous 
parts of the coast, and refened to the privilege granted to 
private persons who erected lighthouses, of levying tolls 
on passing shipping.* It was long before any private 
adventurer was found ready to undertake So daring an 
enterprise as the erection of a lighthouse on the Eddy- 
stono, where only a little crest of rock was visible at high 
water, scarcely capable of affording foothold for a structure 
of tho very narrowest basis. 

At length, however, in 1690, Mr. Henry g Winstftnley 
(a mercer and country gentleman), of Littlebury, in the 


* Tho prhnte lights first erect¬ 
ed—amongst wlncli were those 
on Pungonoss, the Skerries (oft 
the Is>lc of Anglesey), the Eddy- 
htouo, lljuwjtch, Wmtcrtoime&s 
and Oiforducbs, Hunstanton Cliff, 
Ire,—ha\e all been purchased by 


i f 

the Trinity Board, 

at very large prices." l!w 

of tho Skerries Light 

vious to its puxchaa f§{ the 

Trinity House, omoUnterwatoiit 

20,0001. a year. ^ '' • 
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county of Essex, obtained the necessary powers to erect 
ajfligbtbpnse on the Eddystonc, and to levy tolls from 

That gentleman stains to have possessed 
^QjiafoMB mechanical genius, which first displayed itself 
ilfa? devising sundry practical joke's for the entertainment 
Of his guests. Smeaton tells us that in one room there 
lay an old slipper, which, if a kick was ghen it, imme- 
dtately raised a ghost from the iioor; in another, the visitor 
sat down upon a chair, which suddenly throw out two 
atftft and held him a fast prisoner; while, in the garden, 
if he sought tho shelter of nn ailmur and sat down upon 
&*|fe^rticular seat, ho was stiaiglitway set afloat into the 
middle of the adjoining canal.* These tricks must have 
rendered tho house at Littlehury a somewhat exciting 
residence for the uninitiated guest. The amateur inventor 
exercised the same genius to a ecitain extent for the cut* r 
talnment of the inhabitants of tho metropolis, and at 
Hyde Park Corner he erected a variety of jets d’eau, 
known by the name 6f WinstanleyV Watenvoiks, wliiih 
he exhibited at stated times at a shilling u-head.f 

This whimsicality of the man in some measure accounts 
for the oddity of tho wooden building erected by him on 
the Eddystonc rock; and it is matter of surprise that 
it Should have stood tho severe weal her of the English 
Channel for several seasons. Tho building was begun in 
the year 1096, and finish*, d in tour yeais. It must nu» s- 
sarily have been aw oik attended with gieat difficulty as 
Well as danger, as operations tould only he carried on 
during •fine weather, •when the si a as as oompaiafiwly 
smooth.** Tie first summer vms wholly spent in making 
twelve holes in the rock, and fast* ning twelve irons in 




irrative of tho Building f They continued to lie exhi- 
ati$ ^H^tiooriptien of tho Conutrue- l>ited for some time nft< t Mr 
tto&dfijijhe Eadystone Lighthouso ‘VVhiHtanley’s death. See 4 Tatler 
wfm @w 40 .* By John Smeaton, 1 for September, 1709. 
Ctfv$b$Bngbe*r, F.B. 8 . Second I 
Ed&tb 1813. I 
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them hy which to hold fast tno superstructure. ** Even in 
slimmer.’' Wiustanley says, “ tlio weather would at timys 
prove so bad, that for ten or ft mi teen days together tlve soft 



Wlnttanli y’s Lighthouse 


would be so raging about theso rocks, caused by outwmds 
ami the 1 mining of the ground seas coming from the main 
ocean, that although the weather should seem and bo most 
calm in other places, yet here it would mount and fly mom 
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than two hundred feet, as lias l>een so found since there 
wgw lodgment on tho place, and therefore all our works 
were constantly lraried at those times, and exposed to tho 
mercy of tho seas.” 

The second summer was spent in making a solid pillar, 
twelve feet high and fourteen foot in diameter, cm which 
to build the lighthouse. In the third year, all the upper 
work was erected to the vane, which was eighty feet above 
the foundation. In tho midsummer of that year Win- 
stanley ventured to take up his lodging with tho workmen 
in the lighthouse; but a storm arose, and eleven days 
passed before any boats could como near them. During 
that period tlio sea washed in upon Winstanley and his 
companions, wetting all their clothing and provisions, and 
carrying off many of their materials. By tho time the 
boats could land, the party were reduced almost to their 
last crust; hut happily, tho building stood, apparently 
firm. Finally, tho light was exhibited on the summit of 
tho building on tho 14th of November, 1008. 

Tho fourth year was occupied in strengthening tho 
building round the foundations, making all solid nearly to 
a height of twenty feet, and also in raising the upper part 
of tho lighthouse forty feet, to keep it well out of tho wash 
of tho sea. This timber erection, when finished, somewhat 
resembled a Chinese pagoda, with open galleries and 
numerous fantastic projections. Tho main gallery under 
the light was so wide and open, that, an old gentleman 
who remembered both Winstanley and his lighthouse, 
afterwards told Sme.”io^, that it was “possible for a six- 
oared boat # to be lifted up on a wave, and driven clear 
through the open gallery into the sea on the other side.” 
In the perspective print of the lighthouse, published by 
the architect after its erection, he complacently repre¬ 
sented himself as fishing out of tho kitchen-window I 

When Winstanley had brought his work to completion, 
he is said to have expressed himself so satisfied ns to its 
strength, that ho only wished he might be thcro in the 
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fiercest storm that ever blew. In this wish he wad not 
disappointed, though the result was entirely the reverse 
of the builder’s anticipations. In November, 1703, Win- 
Stanley went off to the lighthouso to superintend some 
repaiis which had become necessary, and he was fitilb in 
tlie place with the lightkeepers, when, on the night"pf the 
2<>tli, a storm of unparalleled fury burst along the coast. 
As day broke on the morning of the 27th, people on shore 
anxiously looked in the direction of the rock to see if 
Winstanley’s structure had withstood the fury of the gale) 
but not a vestige of it remained. The lighthouse and its 
builder lmd been swept completely away. * 

The building had, in fact, been deficient in every element^ 
of stability, and its form was such as to render it pecu¬ 
liarly liable to damage from tho violence both of wind and 
water. “ Nevertheless,” as Smeaton generously observes, 
“ it was no small degree of heroic merit in Winstanley to 
undertake a piece of v oik which had before been deemed 
impracticable, and, by tuo success which attended his en¬ 
deavours, to show mankind that tho erection of such a 
building was noc in itself a thing of that kind.” Ho may, 
indeed, bo said to liavo paved the way for the more suc¬ 
cessful enterprise of Smeaton himself; and his failure was 
not without its influence in inducing that great mechanic 
to exercise tho caro which he did, in devising a structure 
that should withstand tho most violent force of the sea oh 
the soutli coast. Shortly after Winstauley’s lighthouse had 
been swept away, the * Winchelsea,’ a richly-laden home¬ 
ward-bound Yirginiaman, was wrecked on the Eddystone 
rock, and almost every soul on board perished; so that the 
erection of a lighthouso upon tho dangerous reef remained 
as much a necessity as over. 

A new architect was not long in making his appearance. 
He did not, however, como from the class of architects* or 
builders, or even of mechanics: and, as for the class bf 
engineers, it had not yet sprung into existence. The pro¬ 
jector of tho next lighthouse for the Eddystone was agbte 
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a mercer, who kept a silk-shop on Ludgato Ilill. 

fytt Budyerd —for such was his name—was, however, 
£ of unquestionable genius. and possessed of much 
force of character, lie was the son of a Cornish lalxmrer 
wh&m nobody would employ,— his character was so bad; 
and the rest of the family were no better, being looked 
Upon in thoir neighbourhood as “ a worthless set of ragged 
beggars.” John seems to have lieen tho one sound chick 
the whole brood. Ho had a nntuially char head and 
kQDtySt heart, and succeeded in withstanding tho bad 
^Xaft&ple of his family. When his brothers went out a- 
^pilfering, he refused to accompany them, and lieneo they 
regarded him as sullen* and obstinate. They ill-used him, 
Aim he ran away. Fortunately he succeed'd in getting 
Into the service of a gentleman at riymouth, who saw 
something promising in his appearance. The boy con¬ 
ducted himself so well in tho capacity of a servant, that 
ho whs allowed to learn reading, writing, and accounts; 
and he proved so quick and intelligent, that his kind master 
eventually placed him in a situation whoie his talents 
could havo bettor scope for oxeicinn than in his service, 
and he succeeded in thus laying tho foundation of tlu* 
young man’s futuro success in life. 

We are not infonned of tho stops by which Budyerd 
worked liis way upwind, until wo find him called from his 
silk-mcroer’s shop to undci take the rebuilding of the Kddy- 
atone Lighthouso. But it is probable that by this time he 
had become known for Ins mechanical skill in design, if 
no| in construction, ell as for his tliorouglily practical 
and^rebabl<5 character as a man of business; and that for 
the^e reasons, amongst others, he was selected to conduct 
this difficult and responsible undertaking. 

After the lapse of about three years from the destruction 
of ViJinStanley’s fabric, the Brethren of tho Trinity, in 1700, 
O^Ajjtted an Act of Parliament enabling them to rebuild 
th^l^htfiouse, with power to grant a lease to the under- 
It was taken by one Captain Lovet for a period oi 
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ninety-nine years, and ho It was that found out and Em¬ 
ployed Rudyord. His design of the new structure Wfts 
simple but masterly. He selected the form that offered 

the least possible 
resistance to the 
force of the winds 
and the waves, 
avoiding the open 
galleries and pro¬ 
jections of his pre¬ 
decessor. Instead 
of a polygon he 
choso a cone for 
the outline of his 
building, and he 
carried up tho ele¬ 
vation in that 
form. In the prac¬ 
tical execution of 
the work he was 
assisted by two 
shipwrights from 
tho King’s yard 
ut Woolwich, who 
worked with him 
during tho whole 
time that he was 
occupied in the 
erection. 

< a* 

The main defect of tho lighthouse consisted ill the faulti¬ 
ness of tho material of which it was built; for, like Win- 
stanley’s, it was of wood. The means cmpl »yed to fix the 
work to its foundation proved quite efficient; dove-tailed 
holes wcie cut out of the rock, into which strong iron bolts 
or branches wero keyed,* and tho interstices were after* 

'Mr. Smeatou sajs that tb* Instrument now called the Lev*Is 
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wards filled with molten pewter. To theso branches wore 
fiinjly fixed a crown of squared oak balks, and across these 
a sot of shorter balks, and so on, till a basement of solid 
wood was raised, tho whole being firmly fitted and tied 
together with tre-nails and screw-bolts. At the same time, 
to increase tho weight and vertical pressure of tho building, 
and thereby present a greater resistance to any disturbing 
external force, Itudverd introduced numerous courses of 
Cornish moorstonc, as well jointed as possible, and cramped 
with iron. It is not necessary to follow the details of tho 
construction further than to state, that outside the solid 
timber and stone courses strong upright timbers were 
fixed, and carried up as the work proceeded, binding tho 
whole firmly together. 

Within theso upright timbers tho rooms of tho light- 
housQ wore formed, tho floor of the lowest, the storeroom, 
being situated twenty-seven feet above tho highest side of 
the rock, Tho upper part of tho building comprehended 
four rooms, one alxrve another, chiefly formed by the upright 
outsido timbers, scarfed - that is, tho ends overlapping, 
and firmly fastened together. Tho whole building was, 
indeed, an admirable piece of ship-carpentry, excepting 
only tho nioorstone, which was merely introduced, as it 
were, by way of ballast. The outer timbers were tightly 
caulked with oakum, like a ship, and tho whole was payed 
over with pitch. Upon tho roof of tho main column Kud- 
yerd fixed his lantern, which was lit by candles, seventy 
feet above tho highest side of tho foundation, which was 

of a sloping form. its lowest side to tho summit of 

« • 

though an invention of old date,' method of fixing ring-holts and 
was for the first time made use of eye-liolt htanrhions, &<*., not only in 
by Rudyerd in fixing his iron | rocks of any known harducsB, but 
brandies firmly to the rock. “Mr. into piers, moles, (fee., that have 
Rudyerd’s method,” ho Bays, “of been ahcady constructed, for the 
keying and securing, murt be con- wife mooring of shipn, or fixing 
siaered as a material accession to additional wotks whether of stone 
the practical part of engineering, or wood.” (Sm eu ton's ‘ Narrative,’ 
as it furnishes us with a secure p. 22.) 
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the ball fixed on the top of the building was uinety-feyo 
feet, the timber-column resting on a base of twentJPwtitee 
feet four inches, “ The whole building,” says Sme^ton, 
“ consisted of a simple figure, being an elegant frustUJn of 
a cone, unbioken by any projecting ornament, or anything 
whereon the violence of the storms could lay hold.” The 
structure was completely finished in 1709, though the 
light was exhibited in the lantern as early as the 28th Of 
duly, 1706.* 

That the building erected by ltudyerd was on tho wboje 
well adapted for tho purpose for which it was intended! 
was pioved by tho fact that it solved as a lighthouse for 
ships navigating tho English Channel, and withstood the 
fierce storms which rage along that part of tho coast, for a 
period of noaily fifty yeais. The lighthouse was at first 
attended by only two men, as their duty required no more. 
Duiing the night they kept watch by turns for four bourn 
alternately, snufiing and renewing the candles. It hap* 
pened, however, that one of the keepers took ill and died# 
and only emo man remained to do the work. He hoisted 
tho flag as a signal to those on land to come off to bis 
assistance; but tho sea was running so high at the time!, 
that no boat could live in tho vicinity of the rock; and the 
rough weather lasted for nearly a month. 

What was the surviving man to do with the dead body 
of his comrade ? The thought struck him that if he threw 


* An anecdote is told of a cir¬ 
cumstance "which occurred during 
its election, so cieditablc to Louis 
XIV., theu King of France, that 
vo repeat it hero. Tlier^ being 
war at tho time between Fiance 
and Englitid, a French piivatcer 
took the opportunity of one day 
seizing the men employed upon 
the rock, and canying them off 
prisoners to France. But the 
capture coming to the ears of the 
King, lie immediately ordered 


that the prisoners should be je- 
lensptVnd sent back to their work 
with piObents, declaring, ib^t, 
though he was at war with. 
laud, he was not at war with ipltity" 
kind; and, moreover, that the 
Eddystone Lighthouse wasAjto 
situated as to be of equal 
to all nations having occasion to 
navigate the channel that divided 
France from England. (ftmoa toft’s 
‘Narrative,’ p. 28.) , , , 

r 

v . ^ 

, >>*W 
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it jEfrtck the sea, he might bo charged with murder. He 
de#|f§ltned, therefore, to keep the eorphe in the lighthouse 
until a boat could come off fiom the shore <>no may 
imagine the horrors enduiod hy tlio surviving lightkeopor 
during that long, dismal month. At last tho boat cuuio 
off but the weather nas still so rough that a landing was 
only effected with the greatest difficulty. By this tune the 
offtavia rising from tho corpse was overpowering; it filled 
the apartments of the lighthouse, and it was all that tho 
men oould do to get tho body disposed of by throwing it 
into the sea. The circumstance afterwards induced the 
proprietors to employ a third man to supply the place of a 
disabled or dead keeper. 4 

chief defect of Rudycid’s building, as wo have 
already observed, consisted not in its form, but in tho 
material of which it was composed. It was combustible, 
and yet it could only he made useful as a lighthouse hy tho 
constant employment of fiicin some shape. Though the 
heat of the candles used in tho lantern may not have been 
Yery great, still it was sufficient to produce great dryness 
and inflammability in tho timhcis lining tho roof, and 
these being covered with a must of soot, must have proved 
a source of constant danger. The immediato cause of the 
accident by which tho lighthouse was destroyed, was never 
ascertained. All that is known is, that about two o’clock 
in the morning of the 2nd December, 17 .m, tho lightkeoper 
off duty, going into the lantern to snuff tho candles, found 
of smoke. 


«• * 

^The employment of a light- 
hpgtfe keeper was Aery healths 
always a largo numUr 
of eoiffiidatjBS for any want office, 
*of the same clasi to 
pike-keepersbelong. They 
> been naturally moioso, 
ips slightly mibantliro- 
[Mr. Smeaton relates that, 
having once landed 



at tho mck, ono of them observed 
to the light-koc per how comfort¬ 
ably they might live theie in a 
Mate of retirement*—“Yes,” re¬ 
plied tho man, “ very comfoitably 
if wo oould hare tho use of our 
tongues; but it is now a full 
month since my pai tnor and I lm\ e 
spoken a word to each other I ” 
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The lighthouse was on fire! In a few minutes the 
wooden fabric was in a blaze. Water could not bo brought 
up the tower by the men in sufficient quantities to bo 
thrown with any effect upon the flames raging above 
their heads: tho molten lead fell down upon the light- 
keepers, into their very mouths,* and they fled from room 
to room, the fire following them down towards tho base¬ 
ment on tho rock. From Cawsand and Kamo Head the 


unusual glare of light proceeding from tho Eddystone was 
seen in tho early morning, and fishing-boats with men 
wont off to the rock, though a fresh east wind was blow¬ 
ing. By tho time they reached it, the lightkeepers had 
not only been driven from all tho rooms, but, to protect 
themselves from tho molten lead and red-hot bolts and 


falling timbers, they had been compelled to tqke shelter 
under a ledgo of the rock on its eastern side. The surt 
was too high to enable the boats to effect a landing; but 


tho men themselves, b« coming conscious of their ^perilous 
situation, adopted tho only means of escape which now 


remained. By great efforts, a small hoat had boon got 
near enough to throw a coil of rope upon a projection of 


the rook, and the men had sufficient energy to lay hold 
of it, and one by one to fasten it round their bodies, and 


jump into tho sea. Thoy wore thus towed on board tho 


boats, and were shortly after landed at Plymouth, more 
dead than alive. 


And thus also was Rudyerd’s timber lighthouse com¬ 
pletely destroyed. As tho necessity, however, for pro¬ 
tecting tho navigation of the Channel by a light on 
the Eddystono was now greater than ever, in conse- 
quenco of the increasing foreign as well as coasting 
trade of the kingdom, it was immediately determined 


* It appears that a pobt-mnrtem currenco, and a flat oval piece of 
examination of one of the light- lead, some seven ounces in weight, 
keepcis (who died fiom injuries was taken out of his stomach, 
received during tho the) took place having proved the cause of his 
some tkur:een days alter its oo death. 
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by the proprietors to take the necessary steps for re¬ 
building it; and it was at this juneturo that Smeaton 
was applied to. As on tho two previous occasions, when a 
mercer and country gentleman, and then a London silk- 
nercer had been called upon to undertake this difficult, 
vork, the person now applied to was not a builder, nor an 
architect, nor an engineer, but a mathematical instrument 
maker. Mr. Smeaton had, however, by this time gained 
for himself so general an estimation amongst scientific 
men as a painstaking observer, an able mechanic, and one 
who would patiently master, and, if possible, overcome 
any amount of difficulties, that lie was at once jaunted 
out as the porson of all others who was the most capable 
of satisfactorily rebuilding this important beacon on tho 
south-western coast. 
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SmEA ton’s Lk.JITHOUSE ON THE El DYSTONR. 

Oaftain Lo\*i;r, the lessee of the lighthouse, having died 
in 171."), his property was sold, and Mr. Kobort Weston, in 
(5ompany with two others, became the purchasers of the 
lease. On the destruction, of Itudycrd’s timber building, 
Air. Weston applied to tin* Marl of Macclesfield, President 
of tbe lb\>al Soeuty, for his ad\iee under the eircum- 
stands, and requested him to point out an architect capable 
of undei taking the reconstruction of 1 lie lighthouse in an 
efficient manner. Mr. Smeaton’s account of the “reply 
made hy the Mail to Mr. Wiston is so eliaractdttstic of 
him, th.it we quote lus own words. 

Lord Macclesfield replied “that there was one of their 
own lx)dy wliom he could venture to recommend to the 
business; yet th.it the most material part of what he knew 
of him was, his having wuthiii the compass of the last 
seven years iveoinmended himself to tlio Society by the 
communication of several mechanical invention^ and im¬ 
provements; and that though lie had at lirst made it his 
business to execute things in the instrument way (without 
having ever been bred to the trade), yt on account of the 
merit of liis performances he had han chosen /i. member of 
tlie Society: and that for about three years past having 
found the business ( f a philosophical instrument m&kef 
not likely to alford an adequate recompense, he Kadwholly 
applied himself to such brunches of mechanics as he (Mr. 
Weston) had appeared to want; that he was then fiWttO- 
where in Scotland, or in tho north of England, doing 
business in that line; that what ho had to S&y $ Jfciin 
further was, his never having known him undertake.Wl3 r ‘ 
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th$U&)>ttt what he completed it to the satisfaction of thoso 
wh<£ employed him, and that Mr Weston might roly upon 
it^Jmn the business was stated to him, ho would not 
undertake it unless hi clearly ww himself capable of 
performing it.”* 

This description seems to have lieon enough for Mr. 
Weston, who immediately adduced Mr. Smcaton on the 
SXji^aCt. Kews then travelled so slow lv, and the particulars 
which had got ubioad relating to the accident at tho, 
Eddyatono w ere so meagte, that Smeaton did not know 
that the lighthouse had boon totally destroyed. When ho 
a&length received Mr. Westons httoi, more than a month 
after the accident, he fancied that it was only the repair 
Of some of tho Uppci woiks that was required of him, and 
he replied that he had engagements on hand that he could 
not leave upon an uncertainty. Tho answer hoieccivul 
Was, that the former building was totally dostiojod that 
the lighthouse mast bo lebuilt and the lettei concluded 
with the words, “ thou art tho man to do it.” 

Smeaton then returned to town and proceeded to con¬ 
sider the matter. The subjief was wholly now to him; 
hut he determined to in\< stigatn it thoroughly, and he 
lost no time in doing so. One of the* earliest conclusions 
he arrived at was, that stone was the ]»h»jm r mateii.il with 
which to rebuild the lignthouNi, though tho sujjorioiity of 
timber was strongly urged upon lum. Tho popular im¬ 
pression, W'hich also pio\aihd amongst the Ihothren of 
th$ Trinity House, was that “nothing but wood could 
possibly stand on the J£d<l^ stoiic;” and many woie the 
pTQcUctibnButtered as to the inevitable failuicof a attuctmv 
composed of any other material. The fiisi thing which 
OUgr engineer did w’as to evainme caiofully tho plans and 

lighthouses; by which he sought 
with a view to avoidiug thorn in 

* ‘toreatou’s * Narrative,’ Ac. p 38 
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In the course of this inquiry, lie became more and more 
convinced that the great defect of the late building jtjwad 
been its want of Weight, through which it had rocked 
about in heavy storms, and would probably have been 
washed away before long if it had not been burnt; and he 
camo to tho conclusion, that if tlio lighthouse was to be 
contrived so as not to give way to tlio sea, it must be 
made so strong as that tlio sea must be compelled to give 
way to the building. Ifo also had regard to durability as 
an important puiift in its re-erection. To quote his own 
words: “ In contemplating the use and benefit of such a 
structure as this, my ideas of what its duration and 
continued existence ought to bo, were not confined within 
the boundary of one Age or two, but extended themselves 
to look towards a possible Perpetuity.” 

Thus, before Nmc.ifon had proceeded very far, lio had 
come to tho linn conviction that the new lighthouse must 
bo built of Stone. l\ev< rthelesH, lie resolved to preserve 
the conical form of lludyerd’s building, but to enlarge 
considerably tho diameter of the foundation, and thus 
increase the stability of the whole superstructure. The 
idea of tlio bole of a large spreading oak-tree presented 
itself to his mind as the natural model of a column, pre¬ 
senting probably the greatest possible strength. 

Another point which he long and carefully studied, was 
tho lw‘st mode of bonding the blocks of stone to the rock 
and to each other, in such a w'ay as that not only overy 
individual piece, but the whole fabric, should bo rendered 
proof against external force. Ubu^Ung the blocks together 
by iron cramps was considered, but dismissed aS> insuffi¬ 
cient, as well as impracticable. Then the process of dove¬ 
tailing occurred to him—a praetico then generally applied 
to carpentry, though scarcely as yet known in masonry. 
Still more suitable for his purpose was tho mothod which 
ho had observed adopted in fixing tho kerbs along the 
London footpaths, by which tlio long pieces or stretchers 
were retained between the two headers or bond-pieces, 
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whose heads being out dovetail-wise, adapted thomsclvot* 
to*nd bound in the stretchers; and the tvo lieing us good 
at the bottom as at tho top, this airangoincnt, lie con¬ 
ceived, was tlio very host that could In* devised fur his 
purpose. 

From these lieginuings ho was readily led to think 
that if the blocks themselves, lxith inside and out. won* 
all formed into huge dovetails, they might lie ariangvd 
so as mutually to lock themselves together, being liist 
engrafted into tho rock; and in tho round and entile 
courses, along tho top of tho rock, they might all promd 
from and be locked into one largo centre stone. 1 *v thus 
rooting the foundations into the rock, ami also binding 
©very stono by a similar dovetailing process to eveiy ollaa 
stone in each course, upon which the sea could only act 
edgeways, he conceived that lie would he enabled to eieet 
a building of a strength sufficient to resist the strongest 
force of wiuds and waves that was likely to be brought 
against it 

Having thus thought out the subject, and deliberately 
matured Lis views - carefully studying, amongst other 
works, ‘Wren’s J’arcntalia' and Ih ice's account oi the 
building of {Salisbury Cathidial lie proceeded to design 
a lighthouse on the prineiples we have thus sum man lv 
described; and, with a few* modifications nndired necis- 
sary by the situation and the \.uious oheumstaiiois which 
presented tlicmsdves in tin* course of the wwk, he pro 
ceeded to carry his d» sign into effect in the building of 
the third Eddystone Le-l^ house. 

All th-is Kad been done before Mr. Smeaton liad e\<u 
paid a visit to tlio site on which tho lighthouse was to b< 
built. Tho difficulty of reaching tho pluce was gieut, and 
timawas precious. Besides, he thought it best to prepaid 
for his firet visit by completing his thorough pi* - 
limttliy investigation of the whole case. It was not until 
tbefed 0# March, 175G, that lie set out from London to 
FlyUMth for tho purpose of making his first inspection of 

tuT' 
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the rock. TIo was no less than six days in pgrfti 
journey, of which ho says, “ I had nothing to 
the loss of time that I suffered, which was 
chiefly by the badness of the roads.” 

At Plymouth ho met Josias Jcssop, to whom tool 
referred for information as to the previous lighthc 
Jcssop was then a foreman of shipwrights, called a>jjj| 
man, in Plymouth Dock, and was a porson of much 
iutcgiity, as well as of singular ingenuity in 
matteis.* SmoatoU also found him to be a 
draughtsman and an excellent modeller, and he Q hie 
acknowledged the great assistance which he obtained^ 
him dining the piogiess of the work. Smeaton> 

* Jcssop fhe j>lan of tlu* stone building which he had 
made. Tho foil man expressed his gnat surprise at 1') 
looking at it, having made up his mind that tho 
house eould only be leeonstrueti d of woml. But he: 
admiUid the suporiuiit > r of^a stone structure, if it 
only bo made to stand in so voiy exposed and daUg^hsTill! 
hlTIMtlOlI. * 

Mi. Sme,iton was anxious to go off to tho rock 
but the wind had been blowing fresh for several du>$$j 
there was so heavy a sea in the (Uiannol, that it W 
mtil the 2nd of April that lie eould set sail. On 
rho Eddystone, tlic si a was In caking upon thsr k 
place with such violence, that it was impossible to 
All that Smcaton eould do was to view tho cone 0^1 
rock -tlio mere crest of the mountain whobo base 
so far down in the sea-deeps ^beneath—over wi 
waves were lashing, and to form a more adetpiaiO' 
tho very narrow as well as turbulent site on wl 
expeeted to erect his building. 

Tlirei days later he made a second voyage^ 
joieed on this occasion to bo able to set his Yc 




* Hi'. Ron, William Joshop, the ton’s, and afterward! 
engmoer, became a pupil of Smca- cminonce in the 
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I tho Bddystone. IIo stayed thcio for more 

and thoroughly examined tho rook, being 
dkd to ka\o it l>> the roughness of tho sea, 
bte*k oxu it as the ticio lose Tho only 
oould hud oi the two former lighthouses 
branches fixed ty Kudjcid, and nmutmuH 
i\(.d by Wmstnnh) 

ittonjpt to make the iodv, Bnu don wea 
nd, which compelled him to re land with- 
got within sight of it 
>h dajs-dunng which tho en^nuorwu* 
ting out a piopcT site tor a woik \arl * 
tho granito in the nughbonihood tor tho 
building- ho mule a- tomth and 

>st 1 rc idled tlu rotk, tho wind w is blowing 
. bu ihus wot so wild, Out it w is * 1^1111 
®ttti Impossible to ] md Ih <ould onl} dnut tin bo it 
foiled? and on, tm the puiposo of w itching the bit ukm^ 
9m wsa and its action upon tin inf 

trial, muh aftei tho 1 ijw ot i wt ok, pioved no 
^Smjwideesstul Aftu i owing ihut ill di> with the 
tho pirty iound themselves at m^lit about 
toftrWlcs fioni the Lid) stem m u which thev nu him d 
i*m morning, hut wind md inn coming on tin \ wuo 
to return to lnrbom wilhont urtiiiqlishing tin n 
oraMii The sixth it tempt w is sueecssiul, md on tin 
dT Apnl, altei the lapse ot seventeen da>s, feme aton 
to effect his second ]iwlin n tt low witti 
Amfejik fiirthoi inspection tlu pirty ir totaled to then 
t rifa SSrifcatch* la} oil until the tide laid fallen wlun 
landed, and the night Ik iug perfectly still 
Went on with ni) business till nmo m tlm 
OwHm fflftvilig w orkt el an hour by < andlc light ” 


v 

IfrMfc*;yard eventuall) | no} Ik tween Phmnutb onr] De 
uklll a field adjacent von port, behind Drake & blatul 
about sad* 

^ I 2 
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On the 23rd he agrin landed and pursued his opera* 
tions; but this time he was interrupted by the gttptnd 
swell, which sent the waves high upon the reef; and,the 
witfd rising, the sloop was forced to put back to Plymouth. 
Mr. Smeaton had, however, during these visits, secured $ime 
fifteen hours' occupation on the rock, and taken dimeurfchs 
of all its parts, to enable him to construct an accurate 
inodol of tho foundation of tho proposed building. He 
succeeded in obtaining such measurements as he thought 
would enable him to carry out his intention; but to Otirtfect 
tho drawing, which ho mado to a Beale, ho determined 
upon attempting a seventh and final voyage of inspection 
on the 28th of April. But again the sea was found so 
tmbulont, that a landing was impossible. 

Another fortnight passed, the weather still continuing 
unfavourable; but meanwhile the engineer had been ma- 
turing his design, and making all requisite preliminary 
arrangements to pioc<*ed with the work. Among the 
other facilities required for cairying on tho operations, 
was tho provision of an improved landing-place, whidh he 
regarded as of essential importance. He also drew up a 
careful code of regulations for tho gnidanco and govern¬ 
ment of tho artifieeis and otheis w r ho were to be employed 
in constructing the lighthouse. Having done all this, he 
ai ranged to proceed to London, but not until he had paid 
three more visits to the rock for the purposo of correcting 
his measuiements,—in one of which he got thoroughly 
drenched by tho spray. 

On his return to town, Mr. tyjjoalnn mado his report to 
the proprietors, and was fully authorised by \heni to carry 
out tho design which ho had now matured. He accord¬ 
ingly proceeded to make a complete model of the light¬ 
house, as he intended it to be built. He thus state* the 
reasons w r hich prevailed w ith him in undertaking the^OQU- 
struction of this model with his own hands s “Tw^ih&o 
aro not in the practice c£ handling mechanical twtfS them¬ 
selves, but are under tho necessity of applying ‘ the 
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m0f||S4l operations of others, will undoubtedly conclude 
ttjMf ^ would have saved much time )>y employing the 
hd&d| pi others in this matter; and on the idea of tho 
dg^ga being already fixed, and fully and accmately as 
distinctly made out—that is, supposing tho thing 
dOD^liat was wanted to be done—it certainly rvould have 
b 0 W SO; and had I wanted a duplicate of any part, or of 
the whole, when done, I should ceit.unly have had recoin so 
to the hands of others. But such os aio in the use of 
handling tools for the puiposo of conti lvance and in\on- 
tiotfjjvill clcaily see that, piovided I could w r oik with as 
jnuCff facility and dcsj^atch as those 1 might happen to 
meet With and employ, I should save all the time and 
difficulty, and often the vexation, mistakes, and disappoint¬ 
ments that arise fiom a communication of one’s own ideas 
to others; and that when steps of invention aro to follow 
OHO another in succession and dependence on what pie- 
Ceded, under such circumstances it is not eligible to make 
Use of the hands of others.” 

>His expertness in handling tools now proved of the 
greatest use to him. As cveiy coiuse of stones in it in¬ 
volved fresh adaptations and the indention of now forms 
to give the requisite firmness and si ability to tho wholo, it 
is obvious that lie seemed greater accuiacy by executing 
the work with his own hands, than if lie had entrusted it 
to any model-maker to cany out after given dimensions 
and drawings, however accurately they might have been 
laid down upon paper. Aftu moro than two months' 
dose Work, the model wnsjready, when it was submitted 
to a meeting df tho propuetois and unanimously approved; 
as it also was by the Lords of tho Admiralty, before whom 
it Was afterwards laid. The engineer then set out for 
Plymouth to enter upon tho necessary anangements for 
prep^fi&g the foundations,—ananging with Hr. Roper, a 
on his way, for a supply of Portland stone, of 
w$pjrjt was finally determined that the lighthouse should 
be 
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Artificers and foremen were appointed, v 
panics arranged, vessels provided for the ' 
men and materials, work-yards hired and p? 
Mr. Jessop was appointed the general assiSi 

it is now i 
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get the dovetail reoesses cut out of the 

reception of tho foundation-stones. To 

process, and avoid the delay and loss of tizn^ 1 

by fiequent voyages between the Eddystone aft4^ 

tho ‘ Neptuno * buss was employed as a store-ve - " ' 

at anchor, at a convenient distance from the? 
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'water. But, as the season advanced, it 
find moie difficult to carry on tho operations, 
"da f & together the men could not land, and, even 
been able to land, they must have boon washed 
& unleso lasiiul to it At such times tho pio* 
in tho 4 Neptune* occasionally lan shoit, no boat 
gftlriO to como oft fiom Plymouth in consequence of 
ighness of the weather. Towaids tho end of 
tJ j£ the yawl ndmg at tho stem of tho buss broke 
stress of wreathe 1 , and w as thus lost Mr Smcaton 
it anxious, howcvei, to finish tho boiing ot tho 
Jy}n-holes dui mg that season, bo as to commeueo 
$ji the lower comses at tho boginning of tho next. 
)n, therofoie, still persoveied when tho weather 
fcfced, though somotimcb they woio only able to laboui 
Jhouis out of tho twenty-foui. About tbo end of 
Kber, tho wliolo of tho requisite cutting m tho rock 
accomplished without accident, and tho pai ty 
tred to letum to tho yaid on shore, and pioceod with 
grassing of the stones foi tho woik of the cnbuing 

10 voyage of the buss to port, howe\ci, piovod a \uy 
jus one, and tho uigmoei and liib men nanowly 
, shipwreck, Not bung able, in consequence of tho 
that was blowing, to make Plymouth Ilarboui, the 
uptime* was steered foi Fow ey, on the coast of Cornwall. 
10 , )Vind lose higher and lnghei, until it blow quito 
;; and m tho night, bmeaton, hearing a sudden 
,jattd clamoui amongst tho ciew overhead, ran upon 
his shut to asJPrtnn tho cause. It was raining 
\d quite a hurncano was i aging. 4 It bung very 
says, “ tho first thing I saw was tho horrible 
tOe of breakers almost surrounding us, John 
Sfte of the seamen, cry mg out, 4 For God’s sake, 
td at tha + rope if y ou mean to save your lives f * 
Italy laid hold of tho rope, at which he himself 
ig as well as the other seamen, though ho was 
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also managing tlio lielm. I not only hauled with all my 
strength, Imt called to and encouraged the workmen to^do 
the homo thing.” 

The sea was now heard breaking with tremendons vio¬ 
lence upon the rocks. In this situation, the jibsail wad 
blown to pieces, and, to savo the mainsail, it was lowered, 
when fortunately iho vessel obeyed the holm, and she 
rounded off. The night was so dark that nothing of the 
land enuld be seen, and tlie sailors did not know at what 
part of tlie coast they were; and in this uncertainty the 
vessel’s head was put round to sea again, the waves coca* 
sionally bicaking quite over her. At daybreak they found 
themselves out of sight of land, and the vessel driving 
towards the Buy of Biscay. Wearing ship, they stood 
once more for the coast, and before night they sighted the 
Land’s End, but could not then make the shore. Another 
night and day passed, and, a vessel coming within sight, 
signals of distress were exhibited, and from her the ‘Nep¬ 
tune’ learned in what direction to steer for the Scilly 
Islands. The wind coming round, however, they bore up 
tor tlie Land’s End again, passed the Li/ard, then Head¬ 
man’s Point, then linmc Hoad, and finally, after having 
bten blown about at sea for four da}s, they came to an 
anchor in Plymouth Sound, greatly to the joy of their 
friends, who had begun +o despair of their reappearance. 

The winter on shore was fully occupied in dressing 
stout's for the next summer’s woik. Mr. Smeaton himself 
laid out all the lines on the workroom floor,* in order to 

* Smeaton had considerable ilif- lines would spoil the lloor. He 
fieulty in finding a room with a was also refused the use of the 
door sullieieiitly hin;o on which Assembly-rooms 'or some similar 
to lit all tl o moulds together in reason. Hut at length, by taking 
the older in which they wero to down a partition in the coopers* 
be pennant ntly fixed. The ongi- workshops, he was eventually ebt* 
neor applied to tlie Mayor of Ply- aided to effect his purpose, with- 
mouth for the use of the Guildhall out exposing himself to further 
for tlie purpose, but he was refused refusals from the local magnates, 
on the pretence that the chalk- 
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insure the greatest possible accuracy in size and fitting. 
Nearly four hundred and 1 j ftv tous of stone were thus 
dressed by the time the weather was sufficiently favour¬ 
able for tho commencement of the building. At the same 
time he bestowed great pains upon experiments, which he 
himself conducted, for the purpose of determining the best 
kind of cement to be usul in laying the courses of tlio 
lighthouso, and eventually fixed upon equal quantities of 
tho lime called blue lias and that called tnra pinzofr/rm, a 
sufficient supply of which ho was fortunate enough to 
procure from a merchant at Plymouth, who had imported 
it OH adventure, ami was willing to sell it cheap. It was 
also settled to use tho finest grout for tho intervals between 
tho upright or side joints of the dovetailed part of tho 
work. 

During tho early spring, Smoaton made several visits of 
inspection to tho quarries where the rough stones were 
being prepared, in order to satisfy himself as to the pro¬ 
gress of tho work. On one of sueli occasions a severe 
storm of thunder and lightning oeeuiml at Lostwithiel, 
by which the church spire was shuttered; and this tinned 
his attention to the best mode of protecting liis lighthouse 
against a similar accident. In the mean time he trans¬ 
mitted an account of tho storm and the effects of tho 
lightning on Lostwithiel Church to tho Itoyal Society, 
amongst whoso papeis it stands recorded.* Dr. Franklin 
had shortly before published his mndn of protecting lofty 
buildings by means of comluctois, and Smcaton eventually 
determined, for the security of his lighthouse, to adopt 
his plum * * 

The building on tho rock w r as fairly begun in the 
summer of 1757, sheers having been elected and the first 
stone, of two and a quaiter tons weight, having been 
landed and securely set in its place on the morning of 
Sunday tho 12th cf June. By tho evening of tho fob 


’ ‘Philosophical Transaction*,’ 1, 198. 
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lowing day the first com so of four stones was ft 
laid * 

The work then proceeded from time to time* as 
weather jjermitteil; and the second course, of thit^ef*’ 
pitucs, was completed by the doth of the same ttionth. 
Tlie workmen were occasionally intonu]>ted by grpufcd- 
swells and heavy seas, which kept them off the rock for 
days together. At length, on the sixth course being 1&1& 
it was found that the building had been raised above t^e 
avLiage wasli of the sea, and the progress mado after that* 
time was much more rapid. From thence tho rest of thV 
structuie was raised in entire legular courses. ' 

Tlie manner in which tho stones were prepared in the 
yard, auanged in com ms, end bi ought off in the vessels, 
so that they could be landed in their proper order and 
fixed in their pioper places, was simple and effective. 
When the separate pieces of which a course was to consist 
were hewn, they we 10 ail luouglit together in tho work-* 
3’aid, fitted upein tin* | Jatfbrm in the exact sites thej^ were* 
to occupy in tlie building, and so maikeel and numbored 
that the ce>nld loaelily be restored to tlieir proper relative 
positions. So much picliiniiuiiy care having boon taken, 
no eliiliculty or confusion ocouireel in the use of the nea¬ 
t' lials, whilst tho progress of the building was also 
great accele*rateel. For tlie actual e let ails of the manner 
in w liicli tho masonry 'was proceeded with, we must refer 
the professional reader to Smeaton’s own ‘Narrative,** 
which is lemaihably minute, and as a v r holo exceedingly 
inte ic sting. 

The careful manner in which tlie details of th* foundation 
work were earned on is related by Smeaton at great length* 
One of his expedients is worthy of notice— J 10 mothojd hy 

V f 

* Tin* .sloping form of the rock, of tho work increasing until 
to which tho foundation of the reached the upper level of tW 
building wnb adapted, required rock. Thus the second comae 
only this small number of btoncs con&istod of thirteen pieces, fj$d 
for the lower corn so ; tho diameter | third of twenty-five, aad > 
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i^ie gave additional thinness to the stones dovetailed 
*f#t0 the rock, by oak-wtclgts and eenicnt insated between 
{ To leceivc the wedges, two giooves wcit* cut m the 
of each atom, horn the top to the bottom of the 
•b^Utse, an inch m depth and thue indies m width. The 
* carpenters chopped 
into each groove 
TWO of tho oaken 
wedges, one upon 
rits bead, the other 
its } »oint 

dWnvvards, so th it 
uio two wedges m 
each groove lay 
heads and points, 
on which the out 
Was easily dmen 
down upon tho 
Other. A couple ol 
wedges weie also 
pitched at the top 
of each groove, 
the dormant wedge, 

03 f that with the point upw 11 d bun rt lie Id m tho hand, w hilo 
the dnft wedge, 01 th it w ltli its point dow mv«ud w is di iven 
With a liammn r ihe object ot this walking w is to pio- 
«$©rve tho whole miss ste id} tc> tt < tin r, in opposition to tho 
violent agitation of the s< i In iddihcn to tins, a couple 
of holes bema boied thinOi cni> iucc ol stem, one 
Ojpirso-ivarf furthei bound to im tin 1 b) oik tic 11 ills driven 
4 tifBy through, and math so list tint they could more 
■easily be torn asundci than pulled out agnn “ Tso assign¬ 
ee powei,” sa}s bun item, “less thin would by mam 
* &epg pull tlieso tiemuls into two, coulel lift one of tin sc 
from tluir beds when so fixed, exclusive ot their 
tal weight, as all agitation wa& prevented by the 
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Mr. Smcaton superintended. the construction of nearly 
the entiro building. If there was any post of dang(y. 
from which the men shrank back, he immediately stood 
forward and took tho front place. One morning in the 
summer of 1757, when heaving up the moorings of the 
buss preparatory to setting sail for the rock, the links of 
the buoy-chain came to a considerable strain upon the 
davit-roll, which was of cast iron, and they began to bend 
upon the convexity of tho roll. To remedy this, Smcaton 
ordered tho carpenter to cut somo trenails into short pieces, 
and split each length into two, with the view of applying 
the portions betwixt tho chain and the roll at the flexure 
of each link, and so relieve tho strain. But somo one 
said that if the chain should break anywhere between the 
roll and the taclde, tho person that applied the pieces of 
wood would be in danger of being cut in two by the chain 
or carried overboard along with it. On this Smeaton, 
making it a rule never to requiro another to undertake 
what he was afraid to do himself, at once stepped forward 
and took “ the post of honour,” as ho called it, and 
attended to the getting in of tho remainder of the chain, 
link by link, until the operation was completed. 

Whilst working at tho rock, an accident occurred tc 
him which might have been attended with serious conse¬ 
quences, but which merely enabled him to display his usual 
cheerful courage. Tho men were about to lay the centre 
stone of tho seventh course on the evening of tho 11 th of 
August, when Mr. Smeaton was enjoying tho limited pro¬ 
menade afforded by tho level platform of stone which had 
with so much difficulty been raised; but, making sr false 
step into ono of tho cavities made for the joggles, and 
being unable to recover his balance, ho fell from the brink 
of the work down among tho rocks on tho west side. .Tho' 
tide being low at the time, ho speedily got upon his feet 
and at first supposed himself little hurt, but shortly after 
he found that ono of his thumbs had boon put out of joint. 
He reflected that he was fourteen miles from land, far 
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; from a' surgeon, and tliat uncertain winds and waves lay 
fatween. He therefore determined to reduce tho di&loca- 
tionat once ; and laying fast hold of the thumb with his 
©tlier hand, and giving it a violent pull, it snapped into 
its place again, after which he proceeded to fix the centre 
stone of the building. 

The work now went steadily forward. Occasional 
damage was done by the heavy seas washing away the 
stones, tools, and materials; but these losses were quickly 
repaired, and by the end of tho season tho ninth course of 
stones had been laid complete. The following winter was 
very tempestuous. Tho lloating light-vessel, stationed 
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again fixed, the erection proceeded as before. The funda* 
mental Solid was completed by the 8th of August; anflp 
the fine weather continuing, the Solid work, whioh ink? 
eluded the passage from the entry-door to the well-hol0 for‘ 
the stairs, made great progress; until, on the 24th 
September 1758, tlio twenty-fourth course was finished^ 
which cojnpletod the solid part of the pillar and for?a${b 
the floor of the storeroom. Tlio building had now beety 
**ais( d thiit)-five ftct four inches above its base, or con* 
bidtrabl} beyond the heavy stroke of the waves. Above 
this point wciotobo foimid the requisite apartments fo£" 
the lighthoiiM -ketpeis. The walls of these were twenty-^ 
six inches thick, constiucied in circles of hewn blocks,, 
sixteeii pnets lbimiiig each elide, all joggled and crumped* 
so as to sc tune pc il» ot solidity. The stones were further 
grooved at the ends, and into the gtooves tightly-fitting 
pin ces (ihomhs) of Puilu < V mail tie wcie fixc»d solid with 
nell-tcmpticd moilai, making the whole perfectly firm, 
and water-tight. 

While living at PJv mouth, Snu a ton used to come oujfc , 
upon the Hoe with his it Itscoj t, in the early grey of th©< 
morning, and stand g.i/ing through it in the direction of * 
tlio Hock. Tlio lloe is an elevated promenade, occupying; 
a high lidgo of land extending between Mill Bay and thd* 
entrance to the liaihonr, the citadel occupying its eastern 
end. It forms the sca-fiont of 1*1) mouth, and overlooks 
the stiikingly beautiful scenciv of the Sound. St. Nicho¬ 
las’s Island, strongly foititiul, lies immediately in front Of 
it; be}ond, lising gieon fiom the water’s edge, is Mount 
Edgeumbe Paik, with its masses of noble woods*- backed 
by green hills. The land juts out in rocky points 
either side the bay, some of which aie capped with forts 
and batteries; whilst in the distance lies the magnifU 
cent barncadc of the Bitakwater, midway between t|l$’ 
bluffs of Uc dding and St addon Points, boldly interposing 
between tlio swell of the Sound and the long ocean W«tve| 
rolling in from the Atlantic. 
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^fJfFTOto, the Hoo the Spanish Arm id a was fiist descried 
Hiking for the English coist It was tin lookout of 
pfetke, as it now was of Srm item, but with t far di fill out 
effect. After a rough night it sti, ho liul no e\e for 
$je pictuiesquo lx tutus ot tho bound Ins solo thought 
WMt of hi8 lightliouso, for though ho hid done all that 
lltrt$&n care, forethought md skill could do, to root his 
fdtatim firmly upon thit ptnlous lock In w ib not jet 
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altogether freo fiom arrvn t\ as to the sc runty of the 
foundation There win still m my who persisted in 
aasOrtipg that no building eicflul of stono could possibly 
Stand upon tho Edrlystono, md, again md agnn, the 
engineer, m tin dim gn> of the morning, would romo out 
tmd peer thiough his tele scope at his <lu p &ca lamp post 
Qoi^^tweshe had to wait long, until he could see a tall win to 
* w 
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pillar of spray sliout up into the air, and then a glimpse -ol 
tlio column itself. Thank God! it was still safe. Thjm, 
as the light grew, he could discern his building, temporary 
house and all, standing firm amidst the waters; and, thus 
far satisfied, he could proceed to his workshops, his mind 
relieved for the day. 

The work proceeded so satisfactorily during the season 
of 17.)S, that Smeaton resolved to make a vigorous effort, 
to get the lower storeroom completed, and a light erected 
above it for use during the ensuing winter. At the begin¬ 
ning of October, the twenty-eighth and twenty-ninth 
courses weio laid, and very strongly secured. A groeve 
was cut round their upper surfaces, in which was placed 
a circular chain of great strength, l r pon each chain, when 
placed within the grooves, melted lead was poured until 
the cavities wore filled up. They were thus lwoped, as it 
were, round the building. The reason of such excessive 
strength at this part of tin* work was, that these courses 
received the vaulted lloor which formed the ceiling of the 
under storeroom and the floor of tin* upper one. 

By the Luth of October, Smeaton had nearly completed 
all the necessary arrangements for establishing a light and 
light keepers at the Eddy stone during the ensuing winter; 
when he received an unexpected and painful refusal from 
the Corporation of the Trinity House, to the effect that 
“ on reading the Acts of Parliament, the application from 
tho merchants and owners of ships, and Winstanloy’s nar¬ 
rative of the first lighthouse erected there, tlioy are of 
opinion that a light cannot he exhibited on the Eddystone 
Pock till the lighthouse is robuTlt.” Smiutoft w>s, there¬ 
fore, under tho necessity of erecting merelv a temporary 
house over tho w r ork for its protection during tho winter; 
when he speeded off to London to finish his further 
drawings. 

The third year’s operations had now ended, and the 
engineer proceeded with the designs for tho iron rails of 
tho balcony, the cast and wrought iron and copper works, 
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as well as with the glass for tlio lantern, all of which were, 
like the rest of the work, mamifactmod under his own 
eye. The year 175i> was so stormy th.it it was not before 
the 5th of July that the woikmon could land upon the 
rock, and recommence their building operations for tlio 
year; but from this point they pioceeded with great 
rapidity, —the whole of the stones being now in readiness 
to bo placed—so that in thirheu days two entire rooms 
with their proper coverings had been erected ; and by the 
17th of August the last pieces of the corona were set. and 
the forty-six courses of masonry wore finished complete. 

The columu was now erected to its specified height of 
seventy feet. The last mason’s work done was the cutting 
out of the words ‘*L\us Dso” upon the last stone set over 
the door of the lantern, hound the upper storeroom, 
upon the course under tlio ceiling, had been cut, at an 
earlier period, “ Except tlio Lord build the house, they 
labour in vain that build it.” The iron work of tlu* balcony 
and the lantern wen' nc\t erected, and over all tlm gilt 
ball, tlioscrcw r s of which Smeaton fixed with his own hands, 
“that in case,” lu* says, “any of them had not held quite 
tight and firm, the circumstance might not have Ik on 
slipped over without my knowledge.” Moreover this piece 
of work was dangcious as well as delicate, being per 
formed at a height of some hundred and twenty feet above 
the sea. Smeaton fixed the screws while standing on four 
boards nailed togetht r, n sting on the cupola; his assistant, 
Roger Conitliwaito, placing himself on the opposite side, 
SO as to balance his weight whilst he pioeuded with the 
operath 

Tho engineer’s work was now' so ncaily ended, and his 
anxiety had become so great, that he could not leave it, 
but took up his abode in the lighthouse, putting his own 
hands to the finishing of the window-fittings (for skilled 
workmen were difficult to be had at the lighthouse) and 
seeing to the minutest details in she completion of the 
undertaking. At length ttie lantern was glazed, tho light- 

U. K 
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iiing-conductor fixed, the rooms were fitted up, and the 
1 milder looked upon tho work of his hands as finished and 
complete. The light was first exhibited on the night of 
the 10th of October, 1759, and tho column still stands as 
firm as on the day on which it was erected.* About three 
years after its completion, one of the most terrible storms 
ever known raged for days along the south-west coast; 
and though incalculable ruin was inflicted upon harbours 
and shipping by the hurricane, all the damage done to the 
lighthouse was repaired by a little gallipot of putty. 

Tho Edilystouo Lighthouse has now withstood the 
storms of more than a century. Sometimes, when the sea 
rolls in with more than ordinary fury from tho Atlantic, 
driven up the Channel by the force of* a south-west wind, 
tlie lighthouse is enveloped in spray and its light is 
momentarily ohseurod. Jhit again it is seen shining clear 
like a star across the waters, a warning and a guide to tho 
homeward-bound. Occasionally, when struck by a strong 
wave, the water shoots up flic perpendicular shaft and 
lea]is quite over the lantern. At other times, a tremendous 


+ Since tho issue oi tho first 
edition of this wink, :i rt lutive of 
the Into (tenoral tho TLon. Henry 
Murray, K.C.li., Lieutenant-Go- 
vernor of Plymouth, has hunt us 
the following ext met from a letter 
of his written in ISIS, relative to 
the stability of Smcaton’s light¬ 
house: --“I heard a cuiioub thing 
mentioned the other day, but it 
was on good authority. Mr. 
Walker, tlio Harbour Master of 
PI) mouth, has to make ai. annual 
inspection of tho Eddj stone Light- 
noiise. Not long ago, it struck 
him us a thing to be ascertained, 
vvhetln r the building was exactly J 
perpendicular. For this purposo j 
he let fall a plummet, and found 
that the building was a quarter- 
of-an-iiuh ojY the per pi ndieular, I 


towards the North-east side. This 
he thought an alarming thing, as 
it might he the symptom of a 
settlement taking place in tlio 
foundation. 1 believe ho made 
a report upon the subject. But 
happening to look into a ‘Life of 
Smenton,’ who constructed the 
Lighthouse, he found a record in 
his diary or journal to this effect' 
l! u’his day, the Eeldys&ene Light- 
1 house has, tliauk God, been com¬ 
pleted. It is, l believe, perfect; 

| except that it inclines a quarter- 
of-an-ineli from the perpendicular 
towards the North-East;* thus, 
in the long lapse of time sinco it 
was built, it stands precisely as it 
stood at tho moment of its com¬ 
plete n.” 
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wave hurls itself upon the lighthouse, as if to Force it from 
its* foundation. The report of the shook to one within is 
like that of a cannon : the windows 1 at tie, the doors slam, 
and the building vibrates and trembles to its very base. 
But the tremor felt throughout the lighthouse in such a 
ease, instead of being a sign of weakness, is the strongest 
proof of the unity and close connection of the fabric in all 
its jiarts.* 

Many a heart has leapt with gladness at the cry of 
“The Eddystono in sight!” sung out from the maintop. 
Homeward-bound ships, from far-olT ports, no longer avoid 
the dreaded rock, but eagerly run for. its light as the 
harbinger of safety. It might even seem as if Providence 
had placed the reef so far out at sea as the foundation for 
a beacon such as tills, leaving it to man’s skill and labour 
to finish His work. 

On entering tbo English Channel from tin* west and 
the south, the cautious navigator feels his way by early 
soundings on the great bank which extends from tlio 
Channel into the Atlantic, and these are repeated at fixed 
intervals until land is in sight. Every fathom nearer 
shore increases a shi|>’s risks, especially in nights when, to 
use the seaman’s phrase, it is “as dark as a pocket.” The 
men are on the look-out, peering anxiously into the dark. 


* At first tlio men appointed as 
light-keepers were much ul.irmid 
by the fury of tlio woven during 
storms. Tlio year after the Ji-dst 
waa ex\i>itei* the si a raged so 
furiously that for twelve dajs to¬ 
gether it dashed over the light¬ 
house, eo that the men could not 
open the door of tlio lantern. In 
a letter addressed to Mi. Jessup 
by the man who visited the rock 
uter such a storm, he says:— 
4< The house did shake as if a man, 
had been up in a great tree. The 
old men were almost frightened 


out of their lives, wishing they had 
never seen die place, and curdin' 
those that first peisuaded Hum 
to go there. The fear M-ued them 
in the hack, but rubbing them 
with oil of turpentine gave tin m 
r< lief.” Since then, custom has 
altogether banished bar from the 
niiiuh of the lighthouse ke« per-. 
The men become so at tin bed to 
their home, that Smcaton men¬ 
tions the ease of one of tin in who 
was even accustomed to invo up 
to his companions his turn for 
going ou shore. 

K 2 
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straining tho cyo to catch the glimmer of a light* and 
when it is known that “ tho Eddystone is in sight l v a 
thrill inns through tho ship, which can only be appr&- 
dated by those who have felt or witnessed it after Jong 
months of weary voyaging.* Its gleam across the waters 
has thus been a source of joy and given a sense of deep 
relief to thousands; for the beaming of a clear light from 
one known and fixed spot is infallible in its truthfulness, 
and a safer guide for the seaman than the bearings of 
many luzy and ill-defined headlands. 

By means of similar lights, of different arrangements 
and of various colours, fixed and revolving, erected upon 
rocks, islands, and headlands, the British Channel is now 
lit ii}) along ita whole extent, and is as safo to navigate in 
the darlast night as in tho brightest sunshine. Tho chief 
danger is from fogs, which alike hido the lights by night 
and the bind by day. Some of the homoward-bound Bhips 
entering the* Channel from North American ports first 
make the St. Agnes Light, on the Scilly Isles, revolving 
once in a minute, at a height of 138 feet above high water. * 
But moot Atlantic ships keep further south, in consequence 
of the nature of the soundings about the Scilly Isles; and 
In nee they oftoncr make tho Lizard Lights first, which are 
risible about twenty miles off. These aro two in number, 
standing on the bold headland forming tho most southerly 
point of tho English coast, against which the sea beats 
with tremendous fury in south-westerly gales.f ' 


* A seaman of great experience 
who furnished us with tho state¬ 
ment of tho lights won in goinp 
up Channel” in 1802(foi several 
alterations may have occurred 
bineo then), makes the following 
observations—‘ I ought to bay, 
with fet lings of deep gratitude, 
that, notwithstanding every pre¬ 
caution of soundings, Ac, 1 ha\o, 
on two occasions, saved my ship 
by meaiib of the Edd} stone light * 


and, without its star gleaming 
through the darknt'ss, ail on board 
must inevitably have perished. 
This occurred at a time wnen I felt 
thoroughly master of my profes¬ 
sion, had first-rato officers by my 
side, and a splendid orevr ana 
ship, yet, had Smeaton failed. to 
erect his lighthouse, our lot must 
have been a watery grave.” 

t Since the first edition of this 
work appeared, the Wolf Bode 
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Prom this point the coast retires, and in the l>eml lie 
Falmouth (with a revolving light on St. Anthony's Point), 
Fowey, the Looes, and Plymouth Sound and Harbour; the 
coast-line again trending southward until it juts out into 
the sea, in tho bold craggy bluffs of Holt Iload and Start 
Point, on the last of which is another house with two 
lights,—one revolving, for tho Channel, and another, iixed, 
to direct vessels inshore clear of tho Skerries shoal. But 
between the Lizard and Sturt Point, which form tin* two 
extremities of this bend in the land of (V rnwall and 


Devonshire, thero lies the JKddystone Kook and Light¬ 
house, standiug fourteen mil os out from the bhore, almost 
directly in front of Plymouth Sound and in the lino of 
coasting vessels steaming or beating up Channel. From 
this point the Channel gradually contracts, and tho way 
becomes lighted on both sides up to tho Downs. 

On tho south are seen the three Casquet Lights on tho 
Jersey side: anl on the north the two fixed lights on 


Portland Bill. 


The next is St. Catherine's, a brilliant 


fixed light on the extreme south point of the Isle of Wight. 
Next are the lights exhibited at different heights on the 
Nab, and then the singlo tixod light exhibited on the 
Owers vessel. Peachy Head, on the same line, exhibits n 
powerful revolving light 285 feet above high water, its 
interval of greatest brilliancy occurring every two minutes. 
Thoif comes Dungoness, exhibiting a fixed red light of 
great power, situated at tho extremity ul‘ the low' point 
of Dungoness Beach. Next me sun Folia stone, and then 
Dover, harbour lights; whilst on the south are the flash 
light, iifconfly stationed on the Yarne Bank; and, further 


Lighthouse has been erected r.n height of the masonry of the tower 
a dangerous ruck, situatrd moui is Jlfi feet li inches, the lantern 
miles &outll-\vu&t of hand's had, hnng 10 feet hnjli, and It feet 
and about 22 miles trom the Seillv diameter. The lighthouse was 
Islands <m one side, and tho I.i/.nd i i ricted after the plans of the luto 
Point 0U tho other. r Lhc oxtierur) ' Jamos Walker, C.E. 

* 
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up Channel, on the French coast, is seen tho briljdaj# 
revolving light on Capo Gusnez t 

The Channel is passed with the two South Foreland 
Lights, ono highu than the othoi, on the left; an<jht& e 
Downs aio entered with tho South Sandhead floating 
on tho light and when the Gull and the North 
floating lights have boon passed on the one hand, 
hoith Foioland on the othei, then the Tongue, tho PrfficeV 
Chmnd, and tho Gndlci, are passed The, Nore Light 
eomes next m sight, and fiom thence it is as easy for the 
invigitoi to pilot lus ship up the Thames as fora foot* 
pisstn rt ci to thiead Ins w ty along the streets of Lonchbi 
biicli m a few woids is the ulmiiablo m inner in which 
oui eoists a it lightul up toi the guidance ot the mariner* 
and siieli aio among tlie bendits to navigation which 
ha\e followed dose upon bmtaton’s gicat cnteiprise^tha 
building of the Ildd) stone Lighthouse 
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Mr. Smeaton’s Eui’luvmlm I** v Civil Enoineeh. 


The completion of the Edd\ stone Lighthouse \\ ,is> regarded 
as a matter of much interest, and excited so eager a 
curiosity on the part of the public, that for home time 
Mr. Smcaton’s rooms at (Irav's Inn xvero tlie nsoit of 
numerous visitors, xvho called there for the purpose of in¬ 
specting the model of his extraordinary building. This 
at length so broke in upon his time, that he found it 
necessary to depute his wife to attend to these curious 
persons, and explain to them the details of the model. 
It does not, however, appear that his mu.vo.nk led to his 
oxtensive employment on engineering works for several 
years, otherwise wc should not have found him, in 17(5b 
offering himself a eandidate for the reeeivorship of the 
Dorxvei it water Estates, to whuh ollice he w as appointed a* 
tho end of that t xe.ir. 

There was as yet, indeed, but small demand for con¬ 
structive skill. Tho roads wen* still in a wiy had state, 
bridges were limeh wanted in most districts, and little had 
been done to provide harbour accommodation bevoml what 
nature lrid effected. The country was too poor or too 
spiritless to undertake the improvenu lit of the means of 
comiri n»ial*intercourse oi* un\ comprehensive scale. Tho 
industrial enterprise of England had not yet begun; and 
the country was content to jog along in its old paths, dis¬ 
playing its energies principally in warfare by land and 
sea. The victory of Wollc on the heights of Abraham 
occurred in the same year that Smeaton completed his 
lighthouse on the Eddystouc, and doubtless excited a far 
more general interest. 
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It is truo the trade and commerce of the country were 
making some progress,* though both had to labour und^r 
serious imposts and heavy restrictions. The public '©x- 
penditurc was great, provisions were dear in proportion to 
wages, and food-riots were frequent. Under these cirCUm- ■ 
stances internal improvements, involving any considerable 
outlay, woro of a very limited character. When Smeaton 
v/as called upon to examine an undrained district, or. a" 
dangerous and inaccessible harbour, or a decaying bridge* 
lie had little difficulty in advising what was best to be 
done; for his reports were searching, explicit, and almost 
exhaustive. But then arose tho invariable impediment, . 
The requisite improvements could not be executed without' 
money; hut money was scarce, and could not be raised. 
Hence tho greater number of his reports, though oon- , 
taming much excellent and carefully-considered advice, 
fell dead upon tlio minds of those to whom they were* 
addressed; and no ad ion was taken to carry them into 
effect until the country had heroine richer, and a new race 
of capitalists, engineers, and contractors had sprung into 
existence. 

One of the earliest subjects on which Mr. Smeaton was 1 ' 
consulted, was tho opening up of river navigations. In 
1700 ho reported to the magistrates of Dumfries as to the 
improvement of tho Kith; but liis advice—to form a navi¬ 
gable canal rather than deepen and straighten tho rfvet at 
a much greater cost—was not carried out for want of- 
funds, lie was also consulted as to the lockage of the 
Wear, the opening up of tho navigation of the Cbelmer to 
Chelmsford, of the Don above Doncaster, of the Devon in 
Clackmannanshire from Melloch Foot to tho Forth, of the. 


* It may, howcuT, bo qnes- creased about a million sterling 
tinned whether tho trade of Eng- during that period, the quantity 
land <lni make progress during exported was less by 6(kOQO ( 
the twehe years ending 1702; tons. (See ‘ Chalmers's Estimate,’ * 
for we find that, although the p. 131.) 
value of tho cargoes exported in- 
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Haven navigation near Louth, and the improve¬ 
ment Of the river Lea, which has boon a fertile source of 
Contention amongst engineers down even to our own day; 
but it does not appear that any woiks of importance fol¬ 
lowed the elaborate advice which Smeaton gave on those 
subjects. 

The" first engineering undeitaking on which ho was 
employed was in his own nativo county, wlieio he was 
required to make extensive repairs in tho dams and locks 
on the river Calder in Yorkshire. IIo carried out several 
essential improvements in that navigation, for tho purpose 
of resisting the damage eausod to the woiks by tho rapid 
fipods which swept down from Blackstone Edge. At the 
same timo he was consulted as to tho Airo navigation, from 
Leeds to its junction with the Ouse, which ho also sue* 

„ ceeded in improving. 

* Another subject on which he was early and often con¬ 
sulted was the recovery of the flooded ground in the Lincoln 
Fens, and in the low-lying lands near Doncaster and Hull, 
in Yorkshire. The river With am, between Lincoln and 
Boston, was still a source of constant giief and loss to tho 
farmers along its banks. It had become choked up by 
neglect, so that not only had tho navigation of the river 
become almost lost, but. a large extent of otherwise valu¬ 
able land was constantly laid under water. In reporting 
on this subject in 1761, Mr. Smeaton was associated with 
Mr. John Grundy and Mr. Langley Edwards; and tho 
result of their joint examination wms an elaborate report, 
accompanied by plans, in which they clearly pointed out 
the causes ?>f the existing e\ ils and the best modo of 
remedying them. For the purpose of improving the out¬ 
fall, they recommended the cutting of an entirely new 
river, about twelve and a half miles in length, from a 
place called Chapel Hill to a little above Boston. They 
also at the same time recommended a plan for the drainage 
of 7 ^Tildmore and W r est Fens by a new cut and sluice in 
place Of the old Anthony’s Gout, with sundry other im* 
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provements which they set forth in detail. Blit the total 
estimated cost being upwards of 40,000Z., wliich was then 
considered a “ mint of money ” for a comparatively poor 
county to raise, the recommendation of the consulting 
engineers produced no result; and the greater part of the 
lands remained drowned until they were effectually cleared 
of their surplus water by Mr. Itennie, about half a century 
later. 

Mr. Smeaton was also consulted, in 1762, about the 
improvement of the Fossdyke, an old cut joining the Trent 
and the Withorn, which had been allowed to fall into 
decay; but only a few pottering improvements wore made, 
in lieu of the thorough measure of general drainage which 
he so strongly recommended. After the lapse of twenty 
years Mr. Smeaton was again called in, and further ad¬ 
vised the proprietors on tho subject; but although he then 
submitted a much more limited scheme, it was still beyond 
the capability of tho county to undertake it. 

At a still later period he was consulted .as to the 
drainage of tho North Level of the Fens, and the improved 
outfall of the river None at AVisbeaeh. In his report on 
this subject, lie went at groat length into the probable 
cause's of the flooding of tho fens, and from these he 
reasoned out tho improvements necessary for their effec¬ 
tual euro. The principal measure which ho proposed was, 
to build u powerful outfall sluice upon the mouth of the 
None. In this report he brought the observations which 
lie had made while on liis journey through the Low 
Countries to bear upon the ease; and he argued that, as 
tho outfall channels at Middles burgh and Ostend wore 
kept wholly open by sluices, the same method would 
equally apply at Wisbeach. But, like his predooessor 
Yermuyden, Smeaton did not seem sufficiently to take 
into account the different circumstances of tho two tracts 
of country; and it is porhaps fortunate that his plans 
were not carried out, as subsequent experience has shown 
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Spaited, they would mo&t probably haw proved 


Ski 


I israble success, howe\ei, attended hib operations 
ving the dr imago oi tho Isle of Axholme, 
r executed by \oimuydm. Tlio lowei lying 
She district had fallen into a wietched condition, 
aoglect of tho liver outialls, and 'when bmeatoji 
4lted as to a ltrnedy, ho ad\ibcd tin divcision 
1 ri\or Tomo, which was earned e>nt, and, wlwi© 
M|^rerted, it 'was widentd and deepened. Tho result 
*gtijkj$qttisfactory, though, many yoais after, we find Mr 
describing tho diainago as still very impel feet, and 
t&Srajatty demanding an ollcctual lomcdy. 

'£3k Would occupy too much bpaeo to detail tho woiks 
SR A Similai kind on wliuh Mr bmeaton was consulted 
J^Sj^may content ouiselves with meiely mentioning tin 
important, which weio thiso the diamige of the 
llpb- adjacent to tho nvci Went, m Yoikshnc, the 11 it l 
hJLlKinnoul’s lands lying along the Almond and tho T i\ 
irVJ^thshii o, tho Adi mg Tlcct Level, at the junction of 
Ouse and tho Tient, llotliim C ms, nt u Muket 
Wljlghton, tho Lowes L nigh ton Level, m busstx, th 
Cair Fen, lieu Loncistei, tho Toiksey lhid<> 
Gamshoiough, md 1 lie Hoick lness Lovd, ntfn 
H These works, though oi a highly useful thai ich i 
but small mtucst m a nm iti\o, and we Huh ton 
proceed to describe the undci t ikio n s of i dillercn t eh u u ti i 
Oik- which oui cngmeoi was about the sune tune employed 
paving fully pio\ ed his % mastc ry oi the art of oonstiuc- 
mra and his skill m ovu coming the dithoulties aiising 
insecure foundations, by lus election of tlio Eddy- 
«yy JUgiithouse, ho was fiequently eillrd upon foi advice 
yepajrs of old bridges, as well as the election of 
Thus, in 1762, wo find him consulted as to tho 
j&f 1 Bristol Old Budge, and in tho following year 
fflnpyj^l upon by the Coiporation of London to aelvise 
the best means of improving, widening, and 
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enlarging Old London Bridge Although considerable 
alteiations and unpiovcments had boon made in j.t, the 
stiuctuie was in a veiy lickety state, and was a flottroe of 
constantly lccurnng alaim to the public 
When Labclyc’s Now Westminster Budge was opened 
foi ti ifhc m 1749, the dehets of London Budge beoame 
moic ippaicnt than ever Iho Corpoiation even went so 
fai as to entertain a piojoct for rebuilding it The oity 



( II id Hrlifs l f tl It rit n of 176^ [ \ltpr tlio I intmfc ly bamndScott 1 


sm\c} oi, howe\cr, after examining the foundations of the 
puis in 175t, dtolirul them still to be good, and capable 
of lasting for igis f Ilib icport leluved the public anxiety 
fm a time, and the old patching process went on as before. 
'J1 1 Inidgo was still oveihung with houses on either side, 
uni the mdwa} befwten them was vny nairow and 
dul 

Tahelu’s opinion was then taken as to the improve* 
nunt of the stiucture, and he lecommended the removal 
of the stulings which bo blocked up the waterway ty? to 
cause if ill ot neail> five feet between tho piers, during 
tho grcatei ]urt of ever} tide He also advised the 
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refllpya1 of some of tho piers, as had been recommended by 
Christopher Wfeu, and throwing scvcial of tho arches 
^together. The discussions of the Common Council, how* 
ended in tho pioposnl to eiect a new bridge at Block- 
friars, and the removal at the same time of tho houses from 
thh old bridge, both of which measures woio eventually 
<$med out. Tho great middle pier was also removed, 
*&nd t3xe two adjoining locks wero thrown into ono by 
turning a new aich, which occupied the whole space. 



Old London Bridge after tho rrmoval of the Houses [By h M Winiptrls,] 

It was now found, however, that tho increased scour 
of the water passing uudei tho now aich way placod tho 
adjoining picis in gieat pel il, by washing away the bed 
of the river under their fijjmdations. Tho apprehensions 
Of danger weie such that but fow poisons would pass 
either over or under tho bridge, and tho Coiporation, 
becoming alarmed, sent in all haste for Mr. Smeaton. lie 
wuju then living at his house at Austhoijie, near Leeds, 
frqilU whence he was summoned by express to town. On 
b&jUrival, he proceeded to survey tho bridge and examine 
fhejfoUfadations which wero giving way. His advice to 
tbe Corporation w r as, to buy back immediately the stones 
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of the City gated, which had recently been taken down 
and the materials sold, and throw them into tlio rim 
outside the starlings, for the purpose of protecting them 
against the scour of the river. Another object of this 
measure, as explained in Snicaton’s reports, was to restore 
the old dam by again raising a barrier of stones across the 
waterway, and thus increase the head of the current 
under the other arches, so as to drive the win •els, by means 
of which a considerable part of the water required for the 
supply of the City, was still raised. 

iSnioaton’s recommendations were adopted as the most 
advisable course to be pursued under the circumstances; 
and horses, carts, and barges were at once set to work, and 
tlii* stones were tumbled into the stream at the base of the 


tottering piers. I>\ tin sc means the destruction of the 
foundations was temporarily stayed, and the process ot 
patching up Hie old bridge went on from time to time 
for si\tv \enrs more; until it was at length etlectually 
remedied bv the erection of New London Undue. 

i n 

In eonueetmu with the bridge works, Smeatou also 
furnished a design for a new' pumping-engine, which was 
placed in the fifth arch, and worked by the rise and fall 
of tlie tide, lie fore the invention of the steam-engine, 
this was an economical though an irregular method of 
obtaining motive power. The same tides that lifted great 
ships up the river and let them down again twieo in each 
day, then drove pumping-engines and even tlour-mills— 
the driving-wheels turning one way as (lie tide rose, and 
another way as it fcll. i Tin's power was, however, shortly 
superseded by the still more economical pouYr. iff steam : 
for the steam-engine, though imolviiifc a considerable 
expenditure of coal, proved cheaper in tht end, because it 
was so much more certain, regular, and expeditious than 
the natural power of the tides. 


The bridges creeled after Smeaton’s 


original designs, 


• ‘ Encyclopedia Metropolitans,’ vii. 139. 
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were those of IVvth. Coldstream, ami IkintY: tlu* onlv one 
which ho erected in England being at Hexham, in 
Northumberland. an high piovcd a failure, lie was con¬ 
sulted about the ucav bridge a t I\ i rth as carlv as I he year 

» i I 

1763, wlieu ho visited the place. fixed upon the best site 
for the structure, and afterwards furnished the design, 
which was carried into etleet. The river Tav being 
subject to sudden floods in one of which a ionner bridge 
had been swept aw .tv it was necessary to lake every pre¬ 
caution with the foundations, which were ^»t in by nuaus 
of cotter-dams. That is, a row of piles was driven into 
the bod of the river, on which a quantity of “giavrl and 
even mould earth mixed together" was thrown in all 
round the piles, with a view to render the enclosed space 
impervious to water. Pumping power an as ihen applied, 
and the hod of the river was laid dry within the coffer¬ 
dam thus formed, after which the gravel or clay was dug 
out to a proper depth, until a solid foundation was secured 
for the piers, l’iles Avero driven in*o the earth under the 
intended foundation-frame, and flu* building proceed'd 
upward in the usual Avay.* Tlu* bridge is a handsome 
structure, consisting of seven prineipul uiehes, and is about. 
900 feet in length, including tlu* approaches. If was 
eomjdeted and opened lbr tradio in 1772, and lias piovtd 
of great service to the locality. 

Smcaton’s employment at Perth on tliis occasion in 
trodueed him to a considerable amount of engineering 
business in the North. lie was consulted at Edinburgh 
respecting the improved supply of water for that city, 
and at iMasgow about the w eurify of its old bridge, l'ufc 
the most important work on which he avus employed in 
Scotland, about this time. Avas the designing and construe- 


* It may be worthy < f remtnk ricm’tvl men from Knglnnd toeon- 
that John Glwin.thepei*>«ia rerom- duel the ANorks, stipulating that 
mended by JSineaton to omdunt I they should each receive wugea ut 
the trial borings tor the lbuwhi- the rate of 11s. a week. 
tiouB, took with him two expe- 
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tion of tho Forth and Clyde Canal for connecting the 
navigation of the eastern and Western seas. The success 
of the Duko of Bridgewater’s Canal had directed public 
attention in all parts of tho kingdom to tho formation 0 / 
similar linos of internal communication; and the move* 
ment had also extended to Scotland. 

James Watt, then carrying on a small business as a 
mathematical instrument maker in Glasgow, had been* 
employed to survey a “ ditch canal,” of a very limited 
capacity, by a round-about route, through the Perthshire* 
lochs; but his genius being as yet unrecognised, the 
projectors thought it desirablo to call in an engineer of 
higher standing, and Smcaton was accordingly consulted 
by them in 1701. Ho had before been employed to 
examine tlie Grand Tiunk line, as survived by Brindley, 
and his report on the subject was regard* d as a very able 
one. Brindley was also consulted respecting the Forth 
and Clyde scheme, hut his time was so much occupied 
with the projects which ho was engaged in carrying out 
in tho western counties of England, that lie could not 
undertake the working survey; and it was accordingly 
placed in tho hands of Smcaton. ITo reported upon the 
Hovcr.il schemes which had bccu proposed for connecting 
the Forth with tho Clyde, and advocated tho plan which 
in his judgment was tho best calculated to carry out the 
intent ions of tho projectors. lie declared himself in favour 
of forming tho most direct lino across tho country between 
'the two Friths, of such a capacity as to accommodate 
vessels of large burden. 

Lord Dundas, tho loading promoter of tho schonte, adopt¬ 
ing tho view put forward by the engineer, took the 
lequibitc steps to obtain an Act authorising tho construc¬ 
tion of tho Forth and 01} do Canal, which passed accord-, 
ingly, ami the works were commenced in 1768. The canal 
runs almost parallel with the line of tlio wall of Antoninus, 
miilt by tho Homans to restrain tho incursions of the 
Caledonian tribes, many vestiges of which are still traceable 
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along the canal, and at Bowling,* the point nt which the 
main canal joins the Clyde, a few miles below Glasgow. 

The canal is alnml 88 miles in length, and includes 89 
locks with a rise of lot! feet from tlio sea to tho summit 
level. It was one of the most difficult works of the kind 
which had, up to that time, l>een constructed in tho 
kingdom. The engineer had to encounter numerous rocks 
and quicksands. Tho canal in some places passed over 
deep rivers, and at others along embankments more than 
20 feet high. It crossed many roads and rivulets, and two 
rivers, the Luggio and the Kelvin, - the bridge over the 
latter being 275 feet long and (58 feet high. Tho depth 
of tho oanal was 8 feet, and vessels of 1 ( J feet beam and 
08 feet keel were capable of easily passing through it, 
between the east and west coasts. 

Although the total cost of tho undertaking was estimated 
at only about 150,000/., and the important uses of the 
navigation were unquestionable, the greatest difficulty was 
experienced in raising tho requisite funds; and long 
before tho canal could be opened to tho Clyde, the works 
came to a complete stand-still. Twenty years passed before 
the money could bo raised to finish them, and this was 
only effected by the aid of a public gnu it. At length the 
canal was opened in 1700, having been finished by 3Ir. 
Whitwoi til (one of Brindley’s pupils), and the opening of 
tlio communication between the eastern and western oceans 
was celebrated with great rejoicings,—the < ’hairnmn of 
“'the Canal Committee performing the feat by launching a 
hogshead of water brought from the Forth into the (’lyde. 

Mr. Sm%.i.toh was next employed to build a bridge across 
the Tweed at Coldstream. He furnished several designs, 
and that eventually selected by the trustees was executed 
under his superintendence. It consisted of five principal 
arches of the segment of a circle, the centre one lining (50 

* The traces of the w all and between Boroughstoncsa and (i las* 
ditch of Antoninus, are still ex- gow—more particularly at Kiik- 
trexnely distinct at many places mUIluck and Cobtlecary. 

n*" L 
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fctt 3 inches fxoin piei to pier, the two next, 60 feet 5 
iii< hes, and the tv u land or side arches, 58 feet. The 
design picscntb no features worthy of special notice, nor 
v if> my unusual difficulty experienced in getting m the 
f junditions Tho picis v < ro founded on piles driven deep 
into the bottom of tho liver, and the building, wherh 
bentalli tlu level of the stream, was earned on, as at Perth,, 
vitliin colfordunb To givo additional pioteetion to*the 
funs during wmtei time, when heavy floods sweejf down 



( lit am Billet [liy I M \Vui|iu« ifttru Hiu.m 1 i gbyJ.d'SnulMQ 


the % ilb \ of the Tweed, they wiro surroui ded by strong 
shu t pi mg * as woll as by rubble slopes pointing up. 


* sin it piling (nriM^ts of a row 
of timber tlmui iirnily sido by 
8idt> into th mth md is used 
for thi i r tcction ol f tundahon- 


wallb or piers from the ftf&fc of 
w iter Cast iron is now 
in many ca^es for the pttf* 
pose, instead of timber. 





CABfiOX-WORKS. 


jS k 

w* 


tsSfe.i 





*The bridge was finished at a total cost of about 
$O0Ok 7 , &ud was onioned for caniugo traffic in October 170(5. 
having been rather more than thiee }eais iu building. 

\ Wulst engaged on his engineering business in Scotland, 
"ItefjSnieSton formed the acquaintance of I)r. Roebuck, the 
enterprising but unfortunate projector of thetCarron Iron 
Works, near Falkirk. That gentleman was one of the 
firft who attempted to devclopc the iron ti.ulo of Scot¬ 
land, which has since bcciune so important, ile wmb then 
engaged in the double task of cai tying on iron works at 
Cayron’and working coal-mines at Don on stun ness. l)r. 
Roebuck was a man full of expedient*,, and possessed an 
uncommon knowledge of mechanics. Sme.iton was a 
kindred spirit^ whom ho very eaily sought out and invited 
'Ho his house at Kinneil, near Borrow’stonnoss, for the 
purpose of consulting him as to the pumping nuchineiv 
of hjs mines, and the vaiious arrangements of his non 
• manufactory at Canon. 

Dr. Roebuck was one of the first to employ coal in iiou- 
smelting on a large scale, and for that purpose he lequned 
the aid of the most powerful blowing apparatus that oouhl 
Vo procured. Mr. Smeaton succeeded in contiiving and 
fixing for him, about the year 170^, a highly effective 
machine of this kind, diiven by n waiter-wheel.* lie also 
supplied the same Company with a disign for a double- 
boring mill for cylinders and guns —the manufacture ol 
Carronades,or “smashers,” having been an caily bunch of 
the business at Carron Works. At the same time Sun aton 


j * The - author endeavoured to 
obtain an inspection of tins long- 
disused apparatus, for tho purposes 
of tiiis work, in the autumn nt 
but the reply of the manor 
" f “Kft, na, it canna be 
-WO canna he lashid wi’ 
i here.” Burns, the pw t, j 
pied, in vain, to visit 
i in 1787; and after- 
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wards wiote the following lines 
on a Window ol tho Inn at 
Carron— 

W< urn na hen» to vu vr your w ark*. 

In U<j|k a to bt malt win . 

But only, lf-t up gang to h-—. 

Jt may be noe mu prise. 

But *han wc tlrtoJ at 7our door, * 
\out poritr dought na tatar us; 

Sa« may, should we to h —’h yctti come. 
Your billy Satan wir os' 

L 


o 
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pointed out how the water power of the little river Carron 
might he so concentrated and increased by damming, as to 
work the apparatus he contrived with the greatest possible 
effect, lie was afterwards repeatedly consulted by the 
(Wren Company as to the manufactures carried on at the 
works—such as the making of shot-moulds, the best form of 
slide-carriages for guns, the construction of furnaces, and 
Mich like matters, of which the plans and descriptive 
details are to lie found in his published reports.* 

Another fine bridge, of which Smeaton furnished the 
design in the year 1772, was that subsequently erected 
over t lie river Dovoron, near the town of Banff, in Scotland. 
It is of seven arches, segments of circles, and is of the 
total length of 410 feet between the abutments, with a 
roadway 20 feet wide over all. The design is similar in 
most iexpects to thohe of tlie bridges previously erected by 
the same engineer at Perth and Coldstream; and the beauty 


of its situation, in the 


immediate vicinity of Duff House, 


the mansion of the Karl of Kife, and its noble surrounding 


grounds, render it an object of even greater pictorial 


interest. 


The only peculiarity to bo noted in the designs of 
Smeaton’s bridges, is the circular perforations left in the 
spandrels of tlie arches, somewhat after the method adopted 
by Edwards at Pont-y-Pridd, and in several Continental 
bridges. This had tlio effect of lightening the weight 
which pressed upon the piers and on their foundations, 
and was doubtless an advantage. Ho also invariably 
adopted segmental or elliptical in preference to semi-cir- 
cular arches, probably because of the less cost of bridges 
after the former design. Much ability wns displayed by 
our engineer in the designing of his cent u s, which have 
been much admired for their strength as well as economy 
of material. 


Repot ts of tno late John London 1812. Vbl. i., pp. 359* 
SwentoLi, F R.8. t 3 void. 412. 




Banff Bridge [By B. P. Lcltch.] 
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Smeaton wiw much less successful in the construction of 
his»only English budge, than ho an as w ifli his Scotch olios, 
lie mis called upon lo furnish tiio design tor a structure 
across the Tyne at Ilexhim, in 1777, and a veiy lmml- 
smie luidge of nim aivlus was elected, under the super¬ 
intend! nee of riekerm-ll, the resident engineer. It 
had M.tir<ly lui n tiuialud ere a subsidence in the founda¬ 
tions of one of tlu piers took place, which was attempted 
to )»< itmidhd h\ shut-piling and tilling up the cavities 
in the 1 iw i V h» d w it 1 1 vmigh rubhlc-stmus. l»ut it appeared 
that the foundation-* lied been impuleelly laid from the 
beginning. In the spiiug of I7S- a violent spate sxxu pt 
down tin T\in\andjn the eon me of a few hours Sun ‘Uton’s 
beautiful lh\ham Undue l.n a wieek in the hottom of the 

o v 

ri\er. 


* Writing to I *i« k« niell, he .siid, “All our honours are 
now iu the dust ! Il cannot now he said that in tlieeomsc 
oflhiitx Reals' pin tin', and i ncagi d in some of t lie most 
(liflh ult cub rpi 1 st s, md one uf .-sun at* mi’s works has Failed! 
Hexham Ihidgi is i nn laneholv insi into to the contrarv. , ' 

* i 

Tims the same tiijiim r who Ind 1< undid a liglithoiiso far 
out .it si t, so linnlx .is to hnl d< I i n ce lo flic utmost 1’iiiy 
of tlu w ,n» w as h tilled h\ in ml ii d slit am. “The news 
c.nne to nn , he six*., “ Ilk. i thui'il i i holt, as il was a stroke 
T •* ,e 1 1 \ j>. eli 1, ,m<l I'Xin \ i i 1 i an st aieclx form a practical 
hi lit 1 as t" iK it .ilit v. Tin n is. hoxx i vt r, one consolation 
1 1 i i o 11 111 1' 11 1 i 11 o t u i i*- fin 1 1 nn , a lid 1 ha ( is, that I cannot 
m ( (hit mxhodx is ii die l • lil one, or fli.it anybody is 
h| inn 1; aswt all did mu h* st, an online to what appean d , 
and all tie* expelii nee 1 hafe ^imnl is, not to attempt to 
lurid a bridge ujimi a grixti hot tom in a iixur suhjiit 
to s.ich \ ioh nt lapidity.” 

The fault committed seems to hm been, that »Simaton 
waB satisfied \xitli silting his pi m upon a crust of graul 
slitfhtlv beneath the hottom Iml of the liver, and that 

O \t 

tho in naked wmir of tin* *-in am und. r tin ar *)ies, caused 
By the contraction of the \\al* i wtr., ha 1 wa»ln d away the 
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bottom, and tlius underminod tlie work.* But the founding 
of piers in deep rivers was as yet very imperfectly under¬ 
stood ; and the art was not brought to its perfection until 
the time of Jtennio, who went down through the bed of the 
river, far beneath all possible scour, until ho had reached a 



l'l in of V. lvf'i II nbom. 


solid foundation, wlii* h he aNo piled, and on that secure 
basis ho planted the strong masonry of his piers. 

Among his various works, Smeaton was also employed 


* Not only is the surface of rt 
fluid nush which pussi.s between 
two pier*., mid within any uni low¬ 
ing of the bed in geneial, raised 
on the up-stienm side, as we ha\c 
just seen, but it is also loweied in 
the narrow space,and oven ft little 
beyond. In consequence of tho 
total tall, tho water a little below 
tho nurrnw space possesses a ve¬ 
locity sensibly punter than Indore. 
With this center velocity, a 
greater inclination and a less depth, 
it will more easily reach tho 


bottom, and will theie exert a 
luoie powerful action. It will, 
tin lefoie, be below the contracted 
vav that tin' eutfrent* will tend 
more ]Hii'ticu1arly to liollow out 
the bed, and to undermine the 
masonry which eoufiucs it. The 
con tract ion which occurs at the 
entrance of each of the arches of 
a bridge, occasions theie not only 
one, or, more often, two superficial 
converging currents, but also,* it 
causes inferior currents, thought 
to be more rapid and injurious 
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in the designing of haiboxns. \\ ith thu exception, how- 
evfr,' of Ramsgate, these w ore for the most part con lined 
to the improvement of the existing accommodation. At 
St. Ives, in Cornwall, when he formed his fust hnibour, 
in 1766, naturo hail piovided a convenient ha\en, enclosed 
in a bay between two headlands, one of which was formed 
by “ the Island.” and the other by Peuolver Point, as shown 



St Ives Utubonr [By fc. M W imp rl« ] 

% * 

in the preceding plan. It was well piohrtul ftom tho 
north, west, and south, and from the pi e\ abut strains ilong 
the coast, whirh mostly blow fiom a sonth-wcsti il\ diuc- 
tion. All that w is muted to give sheila for shipping 
from tho remaining quaitcis, the east and noith-cast, was 
the provision of a prer running nearly south fiom Castle 
Point. The works wnc eanicd out after Smcaton’s design; 
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and as the port is the seat of considerable trade, %dblajij 
from the pilchard fishery and tho mining operations of iW 
country inland, tho facilities thereby provided for shipping 
and tho protection to navigation along the coast, pWVe^ 
of gi cat advantage to the distiict. t‘ * 

Our engineer was also consulted respecting numefoUA' 
othei lull hours: Whitehaven, W r orkington, and Bristol 
on the west coast; Christchurch, Rye, and Dover, on the 
south; and Yarmouth, Lynn, Scarborough, and Sunder* 
land, on the east; but in ncaily every case, want of money 
prevented tho improvements suggested by him from being 
fully carried out. This was pre-eminently the case at 
Jhistol, u lu 10 the meichants gave him an unanimous 
“vofo of Blanks” for liis repoit and plan for keeping the 
ships at Ihi quay constantly afloat by doiking the river, 
and als« lor i niaiging Hie haibour by a new canal through 
( annon’s ]\Jaish. But nothing was done. The Bristol 
vissds contirnud to lie upon the mud and get “hogged;” 
and a considoiahlo time elapsed Ik foie tho commercial 
inteicsts bicame alive to the necessity of improving the 
e mvcnii nccs of the harbour. This a\ as ca i ntually aocom- 
plislnd by William Jcssop, a pupil of Smeaton’s, but not' 
until Li \ a pool had taken tho lead of Bristol among the r 
wi'stem ports, becauso of the convenient accommodation 
which it hail provided for shipping, as an ell as on account - 
of its more ready connection with the best markets. ' 

Tho principal haibour woiks actually executed by Hr. 
Smeaton Avero those of Ramsgate. The proximity of this 
harbour to the Downs and the mouth of tho Thames ren¬ 
dered it of considerable importance; and its improvement 
for purposes of tiade, as avoU as for tho shelter of distressed - 
A'CBsels m stormy Aveatlior, avhs long regarded as a matter pi 
almost nati mal importance. The neighbourhood of Sahd- 
wieli awis fiist proposed for a harbour of refuge as early aA, 
tho reign of Queen Elizabeth, and the subject was revived 
in succeeding reigns. In 1737, Labtdyo, the architect of 
Westmiustcr Biicl^e, Avas called upon to investigate tie 
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and ten years later, a Committee of tho House of 
- Jpommons, after taking full evidence and obtaining every 
* information, reported that “ a safe and commodious har- 
JW $5njr inay be mado into the Downs near Sandown Castle, 
<jiMi lir the reception and secmity of huge merchantmen 
, (St& <£hips of war, which would also be of great advantage 
the naval power of Great Bntam.” 

The estimated cost of the pioposed haibour Mas, how- 
ever, considered too foimidablo, although it was under half 
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a million; and the project lay dormant until a violent 
Storm recurred in the Dfmns in 1748, by winch a gicat 
number of ships woie forced from then anchors and dnven 
OtV shore. Several vessels, howe\u, found safely in the 
liwe haven at Ramsgate, which was then used only by 
, fishermen, the whole extent ot its harbour accommodation 
merely jf a rough rubble pier. 

^ jSjbis circumstance seems to have had tho effect of direct- 
Jfi$ attention to Ramsgate as the pi ope r place fora haibour 
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of refuge for vessels in distress from bad weather in'the 
Downs. The Legislature was petitioned on the subject, 
and an Aet was passed in 1749, enabling a harbour to be 



Ramsgate Harbour. [By Percival Skelton, after nls original Drawing.J 

^Constructed at Hamsgate. A large number of plans was 
* sent in, from which the Trustees made selections, adopting 
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the oast stone pier of one amateur, and the west wooden 
one of another. The plan of the cast pier was made by 
one of the Trustees, and that of the west pier by a captain 
{resident at Margate. Whilst the worts were in progress, 
the Harbour Tiustees proposed to reduce its area, and con¬ 
sequently the extent of accommodation for shipping. 

On this decision Incoming known, tho shipping interest 
memorialised l\uliament on tho subject, in 1755, and an 
inspection of the works was ordered, during which they 
were entirely suspended, and remained in that state dining 
the next six ye«ns. Differences arose between tho ofticeis 
appointed by the Government and the Harbour Trustees 
as to the plan most proper to he carried out. At length 
tho Trustees gave way, and that part of tho works which 

i ad been executed with a view to the contraction of tho 
arbour was taken up, and the piers proceeded in tho 
direction originally intended. It was, howc\or, a matter 
of great vexation to observe that even while tho construc¬ 
tion of the piers was in progress, and especially when they 
were carried out so far as to bend towards each other, with 
the object of affording the requisite protection to the ship¬ 
ping within them, large quantities of sand and silt began 
to collect in the harbour, threatening to choke it up alto¬ 
gether. And this accumulation of silt went on, notwith¬ 
standing every effort made to remo\e it. 

At this juncture Mr. Smeaton w r as, in 1774, called upon 
to advise tlic Harbour Hoard as to the steps most proper 
to be taken in tho matter. After a careful examination, 
he ascertained that no less than 208,700 cubic yards of 
sand nnfl mud had alrcadj silted up, every tido bringing 
in a fresh quantity and depositing it in the still w'ater of 
the harbour, which w r as without any natural scour to carry 
it away. He accordingly recommended a plan for accom¬ 
plishing this object by means of sluices, supplied by an 
artificial backwatci. lie pointed out that Ramsgate Ilai- 
bour, having a sound bottom of chalk, was well adapted 
for the execution of this scheme, and that provided the silt 
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could bo tlius scoured out, the tide, running croas%»’$w 
upon the hai hour’s mouth, would easily carry it airafy 
Mr, Smeaton accordingly accompanied his report udithW 
plan showing the details of his design. He proposed TO 
enclose two spaces of four acres each, and to provide thefiili 
with nine diaw-gates : four upon the westernmost, and 
upon the easternmost basin, the whole being pointed ilV 
tinoo different directions: two towards the curve of the 
western pier, four towards the harbour’s mouth, and three 
towaj ds the curve in the eastern pier. To give the sluiced 
all possible effect, ho proposod to construct a caisson, shaptit 
something like the pier of a bridge, which, being floated? 
to its place, and then sunk, might bo used to direct the 
ouilent to the light hand or the left according to circinn^ 
stain (s. JSevcial cxpeiimonts having been made with a 
ligliter filled with water and scuttle rl when the tide was 
out, the efficacy of flic booming process was thus ascer¬ 
tained. It was finally resolved to adopt the general features 
of Silica ton's plan, though it was not eairied out in the* 
exact niannei designed by him. But it was shortly fouttjr, 
that the process of sluicing endangered the foundations of 
the piois. A 

Our engineer was accordingly again called in, when hft 
recommended fuither improvements, including a new dock, 
tho iiist btono of which was laid in July 1784. In the' 
course of tho excavations numerous springs wore tapped? 
which broke through tho pavement with which the dool? 
had heen laid, and Portland blocks woro then substituted $ 
but this not pioving effectual, tho engineer was again se&t 
for, and from that time forward «ho execution of tho further 
works in connection with tho harbour was placed entirely 
in his hands. Tho dock was rebuilt, a timl or floor laid hi 
the mosC complete manner throughout, and an additional 
thickness given to tho walls. The east pier was rebuilt^ 
jtonc, and eairied out into doep water to a farther exi$at 
of 850 foot. ‘ - 

In cairying out tho elongated pier, Smeaton first srcjr 
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the diving-bell in building tho foundations, making 
9 C * square wooden oliest, partly of iron, weighing 
J&pQjlt half a ton. It was 4 feet 0 inches in height and 
jtebgth, and 3 feet wide, alfording room for two men to 
ffltark in it; and tluy w oi e provided with a constant supply 
of fresh air by means of a forcing pump placed in a boat 
which floated abovo them. 

The works, when finished, were found to answer re¬ 
markably well. The harbour included an area of forty-two 
q&$0, the piers extending 1310 feet into the sea, the opening 
bew&en the pier-heads being 200 feet in width. Tho inner 
is used as a wet dock, and also contains a dry doek 
1 jfofr the repair of ships. \\ itli its many dt foots, and its 
<limited depth, tho harbour is nevertheless the best upon 
that coast, and in stormy weather affords a relugo to vessels 
^of ^considerable draught of water that run for protection 
there at high tide. 

** Besides tho harbours constructed or improved by him at 
different points of tho English coast, bmeaton t\as fre¬ 
quently employed during his Scotch journeys in inspecting 
the nprthem harbours and advising tho local authorities as 
vjfco the TQdhns of increasing their security and accommoda¬ 
tion* Thus the harbour at Aberdeen was altered after his 
plans in 1770, and^ a greater depth of water vas secured 
over the bar and in tho channel of the jiver Dee, by tho 
erection of tho old .North Pier, and other additions which 
Served their purpose, until tho enlarged tindo of the town 
required tho moro ample accommodation hereafter to l)e 
described in tho Lifo of Telford. He also inapt cted and 
reported* on “the harbours of Dundee and Dunbar, then of 
very limited capacity, and several improvements of a minor' 
Character wero carried out by his advice. Tho small har- 
heur^ of Portpatrick on the west, and Eyemouth on the 
coast, were constructed aft^r his plans; and in his 
tppprt pn Scarborough Pier, d«ited August 1781, ho states 
had “ given entire satisfaction.” 

* of these harbours were in a great measure formed 
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by nature, and the improvement of them demanded oom- 
paratively small skill on the part of the engineer. He 3jad 
merely to follow the direction of the rocks, which provided 
a natuial foundation for his piers at both places. Of his 
little haibour at Eyemouth he was somewhat proud, as it 
was one of the first he constructed, and it very effectually 
answered its purpose at a comparatively small outlay of 
money. It lies at tho corner of a bay, opposite St. Abb's 
Head on the coast of Berwickshire, and is almost land¬ 



locked, excepting from tho noith. Smeaton accordingly 
cariicd his north pier into de/p water for the purpose of 
protecting tho harbour’s mouth from that quarter, as well 
as enlarging tho accommodation of the ha\m. The har¬ 
bour was thus rendered perfectly safo in all winds, and 
proved of great convenience and safety to the fishing-craft 
that chiefly frequent it. 

It v onld occupy too much space to refer in detail to the 1 
various other public works on which Mr. Smeaton was * 
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employed in the collide of his piohssnwnl c.uui. The*re 
scarcely a cia/> old bnd.,e m tin kingdom ( a >\huli 
hems not calk d upon to rj oit lit \\ is eonsulUd 
respecting can il pm|if t*. almost uii+il the elo^e of his life 
amongst othcib on the lmpnnumut ot the liiniimjiun 
Canal, the UioC m il, the Dublin Gi uni ( m il uni aaiious 



ly m utli Hi 1 ur [I y l I I t 1 


othei foiicnfcb of tlio sunt suit lie v, is tin pi me ip il 
authonty on lighthouse s, uul mion^st ofluis In eiuted 
two on &puin Point it tin « nti imt to the Ilumbci letumi 
the years 1771-0, ■which hid lxfui< bun lighted b} toil 
fires. The Government eonsulti l him lisputing tluir 
dockyards at PI} m mth «ind Poi tsmnuth \\ it< i (oni] xim s 
consulted him as to witu supply, and linehwmib uul 
ooalowncis as to the best method of rimming tluu luids 

H. M 
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or working their mines. He was called upon to design 
many weirs, sluices, and dams, and his dam on the 
north of Newcastle, was considered one of the most can^* 
plete works of its kind. ' 

He was ready to supply a design of any new machine, 
from a ship’s pump or a fire-bucket to a turning-lath© hr ft 
steam-engine. Ilis machinery was neatly designed, 0#d 
he was very particular as to its careful execution and 
finish. The water-pumping engine which he erected for 
Lord Irwin, at Temple Newsam, near his own house at 
Austliorpe, to pump the water for the supply of the man¬ 
sion, is an admirable piece of workmanship, and continues.^ 
at this day in good working condition. 

11 ib ail vice was especially sought on subjects connected r 
with mill-work, water-pumping, and engineering of every 
ilesciiption—-flour-mills and powder-mills, wind-mills and 
water-mills, fulling-mills and flint-mills, blade-mills and 
forge hammer mills. From a list left by him in his own 
li.indwriting, it appears that ho designed and erected forfcy- 
tlireo water-mills of various kinds, besides numerous wind¬ 
mills. 'Water-power was then used for nearly all purposes 
for which steam is now applied—such as grinding flour, 
saving wood, boring and hammering iron, fulling cloth, 
lolling copper, and driving all kinds of machinery. 

Smeaton also bestowed much patient study on the de¬ 
velopment of the infant powers of the steam-engine. In 
order to investigate the subject by experiment, he expressly 
erected a model engine, after Newcomen’s principle, ftt 
his house at Austhorpe; and by improving it in all 
arrangements, ho succeeded in,rendering it as qpmplet© 
as it was possible to make it - his Cliacewater ’engine of 
150-horse power being regarded as the fim st and most 
powerful of its kind which had until then Ixen ercoted. 

Hr. Farcy says of his labours in this respect:—“.Although 
Mr. Smeaton did not add anything to tho invention 
Newcomen, he established just proportions for engines 
of all sizes; and the performance of the engines he con- 


m * 
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greatly exceeded the commou sort, as they had 
usually made before his time/’ * 

^ this held of invention, however, ho found himself 
' distanced by Watt, tho superior merit of whose condensing- 
* engine—notwithstanding tho time and labour JSmoaton had 
bestowed on the improvement of Newcomen’s—ho gene¬ 
rously acknowledged; frankly admitting, after ho had 
inspected Watt’s invention, that “ tho old engino, even 
When made to do its best, was now driven from <. very place 
where fuel could bo considered of anv value.” 

The fame of Sincaton, therefore, does not rest upon his 
^improvements in this machine, though what ho accom¬ 
plished in bringing out tho full powtis of -Newcomen’s 
engine cannot fail to elicit the admiration of tho practical 
mechanic. 


* Farey’s ‘ Treatise on tho Steam-engine,’ p KU 




Smeaton’s IIoubo at Austhorpe 

[By Percival Skelton, after an original Drawing by 1 Sutcliffe, Leoda.] 


CHAPTER VI. 

Smeaton’s Private Liie— Death and Character. 

Whilst Mr. Smeaton was thus extensively employed as an 
engineer throughout tho three kingdoms, his Hbme ecu-, 
tinned to he at Austhorpo, near Leeds, where he had been 
born. Tho mechanical experiments of Ins boyhood hfod 
been conducted thore, as well as those of his maturer 
yeais. Ilis father had allowed him tho privilege of a work¬ 
shop in an outhouse, which ho long continued to occupy ; 
after \n liieli, w hen the house had become his settled home, 
he erected a shop, study, and observatory, all in one, for 
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bis own special use. The building was in the form of a 
8qtla.ro tower, four storrys high, standing apart from his 
dwelling, on tlic opposite Bide of the yard, as represented 
on tile annexed engraving. The ground-lloor contained his 
forge; the first flour his Jatho; the second his models; the 
third was his drawing-room and study; and the fourth was 
the attic, which was used as a lumber-room. From the 
little turreted staircase at the top, a door opened on to the 
loads. A vane was fixed on the summit, which worke<f 
tho hands of a dial on the ceiling of IS meat on’s drawing- 
room, so that by raising his head lie could at any moment 
ascertain precisely which way tlic wind blew. 

When ho entered his sanctum, strict orders were given 
that he was not to be disturbed on any account, iso one 
was permitted to ascend tho circular staircase which led to 
his study. When he heard a footstep below, ho would 
call out and inquire what was wanted, llis blacksmith, 
Waddington, was not allowed even to announce himself, 
but was ordered on all occasions to wait in tho lower 
apartment until Mr. Smeaton came down; and as the smith 
was equally paid lbr his time, whether ho was sitting there 
or blowing his forgo, it was much the samo to him. 

When not engaged in drawing plans or writing reports, 
tho engineer’s time* was principally occupied with astro¬ 
nomical studies and observations. Even in the height of 
his professional career, and when fully employed, lie con¬ 
tinued to indulge in this solitary pleasure, and for many 
years ho was a regular contributor of papers on astronomical 
subjects to^tlie Koval Society.* Tho instruments will. 


* Tho follow mg arc* the pap< n 
mad by him before the Royal So¬ 
ciety, in addition to those pre¬ 
viously mentioned: — ‘1 Ihcou i «■ 
oonoerning the Men st rual Parulla.v, 
arising from the mutual gravita¬ 
te pf the earth and moon, its in- 
finance on the ob&ervation of tho 
tuft and plan die, with a method of 


1 observing it;’ read before the 
Royal Society May 12th, 170s.— 
‘ Description of a new method of 
observing the heavenly bodies out 
of the meridian ;* read May IOth, 
170S.—‘Observation of a Solar 
Edip»e, made at the Observatory 
at AufstlinrpG;’ read June 1th, 
1709.—‘A description of n new 
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which he was accustomed‘to illustrate his papers/ were 
of the most beautiful workmanship, all made by trtvn 
hands, which had by no means lost their cunnings Indeed^ * 
he was nowhere so happy as in his workshop amongst hi£r 
tools, except it might be at his own fireside, where he wap. 
all but worshipped. 

His contrivances of tools were endlesB, and he was per* 
jietually inventing and making new ones. There are large 
quantities of these interesting relics still in existence in 
the possession of the son of the blacksmith, who lives ill 
the neighbourhood. When the author lately made inquiry 
after them, they were found laid in a heap in an open shed| 
covered with dirt and rust. One article, after having been 
well scrubbed with a broom, at length displayed the form 
of a jack-plane, the tool with which Smeaton himself had 
worked. Picked out from the heap were also found his 
drill, the bow formed of a thick piece of cane; his trace, 
his T square, his auguis, his gouges, and his engraving 
tools. There was no end of curiously arranged dividers; 
pulleys in largo numbers, and of various sizes ; cog-wheels ; 
brass hemispheres; and all manner of measured, drilled, 
framed, and jointed brass-work. 

ITis lathe is still in the possession of Mr. Mathers, ' 

k 

Lij grometer, by Mr. J. Smeaton, lii& greatest elongation, September, 
F.li.S.;’ read March 21st, 1771.— 1786, made by Mr. John Smeoton; 

‘ An experimental examination of with an equatorial micrometer of 
the quantity and proportion of his own invention and workman* < 
mechanic power necessary to bo ship, accompanied with an invos* 
employed iu giving different de- tigation of a method of allowing 
grees of velocity to heavy bodies f'r refraction in such bind of oh 
from a state of rest;* read April senations;’ read Jnne 27th, 
25tli, 1770.—‘Now fundamental 1787.—‘ Descript inn of an improve 
experiments on tho collision of inent in the application of the 
bodies:’ 'cad April 18th, 1782.— quadrant of altitude to a celestial 
1 Observations on the graduation globe, for the resolution of pro*, 
of astronomical instruments;’ blems dupendont on azimuth gnd 
icad November 17th, 1785.— altitude;’ read November jfefh, 

* Account of an observation of the 1788.—‘ Description of a nCfy jhy* 
right ascension and declination of grometer; ’ road before tho SMWS 
Mercury out of the meiidian, near , Society. "■ * 



HIS TOOLS. 





m 


Hunslet; * but munv of the other interesting 


rv tjfr ^ w 

*nft of the great engineer are equally worthy of pro 

ition. To mechanics, tliere is a meaning in every one 
They do not resemble existing tools, but you can 
^oi^eeLobserve that each was 
for a certain reason; 

■ anyone can almost detect 
wllat the contriver was 
thinking about, when he 
made them so different from 

, thcSc we are now accustomed 

'■> ... 


Even in the most trifling 
ma|ters,—such as tho kind 
^<rf Wood or motal used, the 
' direction of the fibro of the 
(twood, and such like,—each 
^ detail has been carefully 
;> studied. Much even of the 

* » i, i 

^ household furniture Seems to 
^hhvo, been employed in their 
- ||Eabrioatio n , possibly to the 
Occasional amazement of the 
ladies in Smcaton's house 
over the way. We are informed that so much “ rubbish,*’ 
' as it was termed, was found in that square tower at his 
death, that a fire was kindled in tho yard, and a vast 
quantity of papers, letters, books, plans, tools, and scraps 
of all kinds,^were remorselessly burnt. 



Sun aii'ii’* Lathe. 


lathe stands on three dicular, by-which the driving- 
. yrhich are fastened together cord is allowed to bo crossed and 
1ft" such a way that they, as well . to play with a greater amount of 
as the rest of the framework, aro j friction on the other wheels. The 
g£iH. es firm as if they nod been i metal-work is of brass, iron, ami 
O^ly jtist made, and vet the ma- steel, all nicely finished; and 
ohiis has been in use ever since the whole is very compact, curi- 
omade it. The fly-wdieel ons, and thoroughly Smestoa 
^datk walnut-wood, and like, 
i&clines from tho perpen- 
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We have said that SraeAton was a bom mechanic; and 
a mechanic ho remained to the last. Tie contrived and eon- 
struct cd from pure love of invention. Among the traditions 
which survive about him at Whit kirk, is this, that when 
new piles wore erected at the entrances to Temple JSTewsam 
Park, near his house at Austhorpe, he volunteered to supply 
the designs, and they were made and hung after his plans. 
He also contrived a threshing-machine; the grain being 
rubbed out of the ear by means of a number of nails fixed 
in a continuous wooden belt. The people of the neigh*- 
bourhood, however, think that his most wonderful work is 
tin* ingenious hydraulic ram, contrived by himself, by means 
of which the water is still raised in the grounds of Temple 
Isowsam. 

11 is pursuits in his workshop, and at Ids desk, were 
varied b) visits to his blacksmith's shop. One of his prin¬ 
cipal objects, on such occasions, was to experiment upon a 
boiler the lower puit copper and the upper part lead— 
which be bad fitted up in an adjoining building, for the 
purpose of ascertaining the evaporative power of different 
kinds of fuel, and other points connected with the then 
1 ittle understood question of steam power. Ho w r as on very 
familiar terms with the smith, and if ho thought him not 
very handy about a piece of work he was engaged Upon, 
lie would take the tools himself and point out how it should 
be done. One of the maxims which he frequently quoted 
to his smith w r as, “ Never let a file come where a hammer 
can go.” 

When getting work done in other parts of the country, 
if a workman appeared to hiift unhandy, or at afdoss how 
to proceed, he would take up the tools and finish the piece 
of work himself. “You know, Sir,” observed the son of 
Smeuton’s blacksmith, still living, “ workmen didn’t know 
much about drawings at that time a-day, and so when Mr. 
Smeaton wanted any queer-fangled thing making, he’d out 
one piece out o’ wood, and say to my father, * Now, lad, go 
make me this.’ And so on for ever so many pieces; and 
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then he’d stick all tlioso pieces o’ wood together, and say, 
1 Kcfw, lad, thou knows liow thou made each part, go mak 
it now all in a piece.’ And l\e heard my father say, 'at 
he’s often been cap’t to know how lie could tell so soon 
when owt ailed it, for heforo ever lie set his foot, at t’ 
bottom of his twisting steps, or before my lather con hi get 
sight of his face, if t’ iron had been wrong, thenr'd been an 
angry word o’ some sort, bill t’ varry m*\t voids were, 
* "Why, my lad, tliou s’ud a’ made it so and so; now go mak 
another.’ ” 

Mr. Smeaton’s professional engagements called him fre¬ 
quently to London, where he spent part of every year, 
occupying chambers in dray’s Inn. llo had joined his 
friend Mr. Holmes, in 1771, in the proprietorship of the 
* works for supplying Deptford and Greenwich with water, 
and he dovoted considerable attention to the requisite me¬ 
chanical arrangements. On the occasion of hih visits to 
London, it a van a source of great pleasure to him to attend 
the meetings of the Royal Society, as well as to culti\ ate a 
friendship with tlio distinguished members of the Royal 
Society Club. * 

Ho was a frequent witness before Committees of Inith 
Houses of Railiament + in support of Rills for authorising 


* James Watt w rite*: - “ When 
I was in London m 17Sd, l was . 
received Aery Kindly by Mr. 
Cavendish ami T)r. Madden, and 
my old fiicnd Snicutou, w!«<j lias 
recovered his health, and s< (ms 
hearty * dined at a tmtle kust 
with them, and the Nehct Clnh ot 
the ltoyal Society; and mwer 
was turtle eaten with gtcafor so¬ 
briety and tempeinnee, or nv»io 
good fellowship (‘Rim umll’io- 
gress of tho Royal Society Club.’ 
1869.1 

t It is stated in a recent work, 
edited by the learned Recorder of 
Birmingham, M. r. Hill, F.sq, 


entitled ‘Onr Exemplar*., 1 that 
“Simuton was lor siweiul \ears 
un aclive number of 1‘ailmimnt, 
and many u-< ful InlKs are the re¬ 
sult of his exertions.IIis 

speeches weie always heard with 
attention, and carried comiction 
to the minds of his auditors." 
Tlib must, however, be a mistake, 
a.s Smeatou was newer m Purlia- 
im nt, except for tho purpose of 
gi\ing engineering cwlcnco be¬ 
fore committees; and, in»-tend of 
being eloquent, Mr. Playfair sajs 
he was very embarrassed o\eu in 
ordinary conversation. 
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the construction of bridges, canals, and ater-works * and 
was accustomed on such occasions to give his evidence in 
a modest, simple, and straightforward manner, such 6S is 
calculated to win confidence and respect, far more than that 
glib and unscrupulous style which has sinoo become the 
fashion. Moreover, lie was known to be a most con¬ 
scientious man, and that he would not express an opinion 
on any subject until ho had thoroughly mastered it. 

During the time spent by Mr. Smeaton in town, he was 
accustomed to meet once a week, on Friday evenings, in a 
sort of club, a few friends of the same calling,—canal- 
makers, bridgo-buildorB, and others of the class then 
beginning to bo known by tho generic term of Engineers* 
The place of meeting was tho Queen’s Head Tavern in 
Ilolbom; and alter they had come together a few times, 
the meml>ers declared themselves a Society, and kept 
a register of membership,—free social conversation on 
matters relating to their business being tho object of' 
their meetings. Some personal disagreement, hoWbver, 
occurring, through the offensive behaviour of one of tho 
members, Mr. Smeaton withdrew from the club, which came 
to an end in 1792. Mr. Holmes says of him, that though - 
of a very kindly and gonial nature, he was occasionally 
abrupt, and, to those who did not know him, apparently 
harsh in liis manner; and that he would sometimes break 
out hastily when anything was said that did not tally 
with his ideas,; not being disposed to yield upon any point 
on which lie argued, until liis mind was convinced by 
sound reasoning.* , 

Mr. Smeaton earned a fair income by the practice of 
liis profession; but lie was no worship]>er of money.' 
Though ho had an insatiable appetite for work, and Was 
occupied in useful pursuits from youth to old age, his 
pecuniary wants were very moderate. Those were not 
the days when great fortunes were made by engineering; 


Mr. Holmes’s ‘ Short Narrative,’ p. 15. 
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ttxtd Mr. Sineaton was satisfied to be paid two guineas for 
A t0 day’s work. Moreover, ho refus'd now engagements, 
than imperfectly perform what ho had already 
undertaken, 

He also limited his professional employment, that ho 
iMgbt be enabled to dovote a certain portion of his time 
to self-improvement and scientific investigation. The 
maxim which governed his life was, that “the abilities 
of the individual wore a debt duo to the common stock of 
public well-being.” This high-minded principle, on which 
hd faithfully acted, kept him freo fiom sordid self-aggian- 
disement, and ho had no difficulty in rosisting tho most 
tempting offers which woro made to attract him from Ins 
Settled course. 

Vhen pressed on one occasion to undertake some now 
’ business, and when the prospect of a lucrative recompense 
was held out to him, lie called in tho old woman who took 
charge of his chambers at Gray’s Inn, and pointing to her, 
said, u Her attendance suffices for all my wants.” When 
urgently called by duty, ho was ready with his help ; but 
^he would not bo bought. 

The Princess Hashkoff once urged him to go to Jtussia 
in order to enter the service of tho Empress; hold¬ 
ing out to him ver} tempting promises of reward, lie 
politely refused: no money would induce him to lcavo 
his home, his filends, and his pursuits in England, and, 
though not rich, lie had enough and to spare. “Sir,” 
exclaimed tho Princess, unable to withhold hor adniiiatiou, 
“I honour you! You 111 . 13 ’’ have your equal in ubilitics 
perhaps ;*but in character 3^11 stand alone. Tho English 
minister, fSir Kobeit Walpole was mistaken, and my 
Sovereign has tho misfortune to find one Man who has 
not his price.”* 


* letter written by Mrs Dixon, 
daughter of the engineer, to the 
of Civil Engineers. 
dated/3Qth October, 1707 relative 


to the life and character of her 
deer ased father, (omenton’s * lie* 
Iiorts,’ L 28 ) 
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Influenced by tho same spirit, Mr. Smeaton, towards 
the close of his lift*, believing that lie should be rendering 
a service to his country by publishing an account of tho 
various works in which he had bee a engaged as an engineer, 
avoided as much business as he consistently could, in 
order to devote himself to that work; and he eventually 
determined to retire altogether from the profession.* 

Tho only portion of his works that he lived to describe 
in words, was liis ‘ Narrative of tho Construction of the 
Ikldystone Lighthouse.’ Indeed, he states that ho found 
the task of describing this work even more difficult than 
that of erecting it; and he seems to have become inordi¬ 
nately impressed with a senso of tho importance of literary 
eomposition. ITo very naively observes in the Profaco: 
“ 1 am convinced that to write a book tolerably well is not 
a light 01 an easy matter ; for, as I have proceeded in this 
work, t have been less and less satisfied with the execu¬ 
tion. In truth, I have found much more difficulty in 
writing than 1 did in building, as well as a greater length 
of time and application of mind to be employed. Iam 
indeed now older by thirty-five years than I was when I 
first entered on that enterprise, and therefore my faculties 
are less active and vigorous; but when I consider that I 
have been employed full seven years, at every opportunity, 

* A }ear 1>eforc his death, Mr. nhly roeoi\ed.th.it he is porsuaded 
Sineaton fonnally tt>ok loa\e of lie* cannot be of more service to 
the profession in tho following the l’uhlie, or show u greater 
eueuhir:—“Mr.Sniu.Hoiibogsloa\ti Sense of his Gratitude, than to 
to inform his friends and tho eon tin no to employ himself in th© 
public in general, that having ap- •wav now specified, tfe therefore 
plied himself for a great number fiatters himself, that in not yield- 
of j cars to tlu* business of a Civil ing to the many applications 
Engineer, hi» wishes are now to made to him lately for further 
demonic the chief part of his Undertakings, but routining him- 
remaining Time to the Deserip- self in future to the Objects above 
turn of Iho sew oral Works per- mentioned, and to such occasional 
formed under Ins Direction. The Consultations as will not take tip 
Account he lately published of much Time, he shall not incur 
the Pudding of Eddvstone Light- the Disapprobation of his Friends, 
house of Stone has been so fa\our- “ Gray’s Inn,6th October, 1791." 
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in forwarding this book, having all the original draughts 
and materials to go upon, and that the production of these 
original materials as well as the building itself were 
despatched in half that time, I am almost tempted to 
subscribe to the sentiment adopted by Mr. Hope, that 
‘Nature’s chief masterpiece is writing well.* It is true 
that I have not been bred to literature, but it is equally 
true that I was no more bred to mechanics: wo must 
therefore conclude that the same mind 1ms in reality v 
much greater facility in some subjects than in others.” 

Smeaton’s story of the Eddystoue Lighthouse is, how¬ 
ever, told in a very effective manner. It possesses an 
interest almost dramatic, < xliibiting a contest between the 
strong, skilled, and determined man, and the tremendous 

forces of nature. It is truly observed by the late Loid 

• • 

JEllosmere, in his ‘Essays on Engineering,’ that bloody 
battles liaA 7 o been Avon, and campaigns eondneted to a 
successful issue, A\ith less of personal exposure to physical 
danger on the part of the commander in chief, than was 
constantly encountered by JSmcafou during the givnh r 
part of those years in Avhieh the lighthouse Avas in eonrso 
of erection. In all Avorks of danger lie himself led the 
way— was the first to spring upon the roek and the last In 
leave it; and by his nun example lie inspired \\ illi eouragu 
the humble workinc n cngagid in carrying rail his plans, 
and Avho, like liimself, wore unaccustomed to tin* special 
terrors of the scene. 

The portrait prefixed to this volume gives a good repu - 
Sentation of 1VIr. Smeaton’s countenance, the expression of 
which vsas gentle, yet ghiawd. In person he was of a 
middle stature, broad and strong made, and possessed 
originally of a vigorous constitution. In bis manners ho 
was simple, plain, and unassuming. He had the blunt- 
ness and straightforwardness of speech which usually 
mark tho north-countryman, and nevor acquired that 
suaVity and polish Avhieh are more common amongst 
educated men in our southern districts. lie spoke in the 



174 


SMEATON’S PRIVATE LIFE. 


Chap, ,VL 

■< 

dialect of his native county, and was not ashamed to 
admit it.* Yet he mixed in good society when in tbdrnj 
though his diffidence, as well as his reluctance to bestow 
too much time on social enjoyment, caused him to contract 
his circle as his professional engagements increased. 

His daughtor has related the anecdote of his meetings on* 
one occasion, with the Duke and Duchess of Queensfesty^ 
which led to a pleasant intercourse with that taffljy. 
Mr. Smeaton was walking with his wife in Banetagh 
Gardens—the fashionable placo of resort at that tiine— 
when ho observed an elderly lady and gentleman fix their 
marked attention upon liim. At length they canio up, 
and the lady, who proved to be the eccentiio Duchess of 
Quoon&bciry, said to Mr. Smeaton, “Sir, I do not know 
who you aio or what you are; but so strongly do you 
resemble my poor dear Gay (the poet) that we must be* 
acquainted. You shall go homo and sup with us; and if 1 ' 
the minds of the two nun accord, as do the countenances,' 
you will find two cheerful old folks, who can love you 
well; and I think (or you aro a hypocrite) you can, as 
well desoi\o it.” 


Mr. Smeaton and his wife accepted the invitation, and 
it proved the commencement of one of his most pleasant 1 
London friendships. It happened that the Duke and 
Duchess had a great love of card-playing, which Smeatoft ’ 1 
detested. But his good nature would not permit him td 
hold aloof when asked to take a hand. He played, how* 
ever, liko a boy, bis attention never following the game. 
On one occasion, when it was Popo Joan, and the stake in 
“ Pope ” had accumulated to a^onsiderablo silm ; became 
Mr. Smeaton’s turn by the deal to double it. 
of liis cards, ho took up a scrap of papor, ma^sothd 
calculations on it, and laid it on tlio table. The Ddchtiii 


* In the Preface to Ins Eddy- 
stone Nariati\o he says —** As I 
speak and w rite a proimcial lan¬ 
guage, av 1 was not hied to letteis, 
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eagerly asked what it was. * Ho replied, “ Your Graoo will 
recollect that the field in which my house at Austhorpe 
stands may he about five acres, three roods, and seven 
perches* which, at thirty years’ purchase, will bo just my 
stales $ and if your Giaee will make a Duke of me, I 
prpSume the winner will not dislike my mortgage.” The 
hint thus given in a joke was kindly taken, and from tlint 
time they nevor played but for the merest trifle. 

In his own home ho was beloved and revered. II is wife 
died in 1784, after which his two daughters kept house 
for him until his death. Tho eldest has loft on record 
a charming picture of his domestic character, which wo 
cannot do hotter than transcribe:—“ Though communicative 
qta most subjects,” sho says, “ and stored with ample and 
liberal observations on others, of himself ho never spoke. 

nothing does lio Bcem to have stood more single than in 
'Being devoid of that egotism which more or less affects tho 
World. It required some address, oven in his family, to 
draw him into conversation directly relating to himself, 
his pursuits, or his success. Self-opinion, self-interest, 
and self-indulgonce, seemed alike tempered in him by a 
modesty inseparable from merit— a model at ion in pecuniary 
ambition, a habit of intense application, and a temperance 

strict beyond the common standard.Devoted to his 

family with an affection so lively, a manner at oneo so 
cheerful and serene, that it is imposfiblc to say win ther 
the charm of conversation, tho simplicity of instiuction, 
or tho gentleness with which it was conveyed, most 
endeared his homo—a homo in which from infancy wo 
cannot recollect to have seen r-% trace of dissatisfaction or a 
wo|d of asperity to any one. Yet wiili all this ho was 
abs<)lut^l And it is for casuistry, or education, or rule, to 
explain his* authority; it was an authority as impossible 
to depute as to define.” 

hfjPS, Dixon illustrates tho Iwnevolcnco of her father’s 
ch&rlffter by referring to a painful and trying event in his 
liffe/4}|» Smeaton had befriended a young man whom he 
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had employed as a clerk, and ho had successfully exerted 
him sol f to procure for him a situation of trust and respon¬ 
sibility, at the same time becoming bound for him, jointly 
with another gentleman, in a considerable sum. The young 
man fell into bad habits : his expenses outran his income; 
ho committed a forgery to meet the deficiency, and he was 
detected, apprehended, and given up to justice. 

The same post brought Mr. Smeuton the intelligence of 
the young man’s ruin, the claim for tlie amount of the 
forfeited bond, and the refusal of the other person to pay 
the moiety. Mrs. Smcaton’s health being delicate at the 
time, h< r husband .suppressed all appearance of emotion; 
nor, until all was put in train for settlement, did a word 
or look betray the exquisite distress which those painful 
circumstances had caused him. Jle even exerted himself 
to save tin* prisoner's life, in'which be eventually succeeded, 
and ho did all that he afterwards could to soothe the 
remorse of tin* wroteln il youth who had betrayed him.* 

Of Mr. Hmeaton’s iutelleetu.il powers it would be difficult 
to speak too highly. Janies Watt always mentioned him 
in terms of sincere admiration, speaking of liim as “father 
ymoaton.” Writing to Sir Joseph Banks, ho said: “In 
justice to him we should observe that, he lived before 
Kennio, and before there were one-tenth of the artists 
there are now. Si turn adipic; liia example and precepts 
have made us all engineers.” Even after llio great works 


* The engineer’s daughter, who 1 
has related these beautiful fea¬ 
tures in hi* cliaraetcr, became tin* 
wife of Jeremiah Dixon, Esq., atf 
one timo mayor of Deed 4 *, after- ( 
wards of Fell Foot, AVindention*, 
and an active county magistrate. 
She possessed much of the force 
of character and benovoleneo of 
disposition which distinguished 
her father; and was regarded as 
a woman cf great practical ability. 
She aurlived her husband many 


years, and during her lifetime 
built ami endow*d a free-schoul 
for girls at Stuydey, about a mile 
from her residence^ 4hieh is now, 
and has been ever sinoo its estab¬ 
lishment, of v ry great benefit to 
tlio population of tlie neighbour¬ 
hood. Mrs. Dixon was also an 
artist of some merit, and painted 
in oils; the altar-piece and deco¬ 
rated Ten Commandments now in 
Staveley church being of her exe¬ 
cution. 



(JHAP. VL 


HIS INTELLECTUAL POWERS, 


177 


of the railway ora, and the variety of practical ability 
whifch they called forth and fostered, Koliort iStephenson 
pronounced Smeaton to be the engineer of the highest 
intellectual cminenco tint had y et appeared in Kurland. 
Speaking of him to the author in 1858, ho observed. 
“ Smeaton is tlio greatest philosopher in our profession, 
that this country lias yet produced, lie was indeed a 
groat man, possessing a truly Baconian mind, for ho was 
an incessant experimenter.* The principles of mechanics 
were never so clearly exhibited us in his writings, more 
especially with respect to resistance, gravity, and the 
power of water and wind to turn mills. 11 is mind was as 
clear as crystal, and his demonstrations will be found 
mathematicallv conclusive. To this day there aie no 

t « 

writings so valuable as his in the highest walks <»*' 
■soientilic engineering; and when young men ask me, as 
they frequently do, what they should road, I invariably 
say, ‘Go to Smeaton’s philosophical papers; read them, 
master them thoroughly, and nothing will be of grealcr 
service to you.’ Smeaton was indeed a very great man.” 

From what we have said, it will be obvious that 
Smeaton w r as, throughout his whole e.ueer, a most in¬ 
dustrious mail, indeed, industry was the necessity' and 
habit of his life. Ills daughter desriibes him as Inning 
been incessantly occupied horn six ycais old to sixty, lb* 
was a great economist of time, and laid it out in such a 
way as to obtain 1’ioni its use tlie- gieatest amount of 
valuable result. When at borne, Jn\ ibienoons were 
devoted to waiting repo its, and to the various business 
arising, oHt- of liis professional engagements; and his 


* One of Smcaton’s rule« was, 
liovor to trupt to deductions dmwn 
fiom theory in any case where 
there was an opportunity for 
actual experiment. *• In my ow n 
practice,” ho said, “ almost e\* ry 
bucceasive cose would ha\o re- 
II. 


tin iiidcpimleut theory of 
its own. In my lutorcouisu with 
mankind 1 have alwtiyH found 
tliu.se who would tin list theory 
mtn prwtienl mutters to be, ut 
bottom, men of no judgment, and 
pme cjiim'ks.” 
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afternoons were occupied by tlio pursuits in which he took 
most pleasure,—working at his forge or in his workshop/ 
making mechanical experiments, or preparing his papers 
on scientific subjects for the Royal Society. ^ ' ' 

Though naturally possessed of an excellent constitution, 
and capable of enduring much fatigue, it is most .probable 
that ho taxed his brain too much, and “ o'er informed his 
tenement of clay,” by liis continuous and intense applies* 
lion to study during the long periods of his seolusion at 
Austliorpe. If is robust frame became fragile, and his 
strength was further impaired by the abstinence which 
Ilo was subsequently compel led to adopt.* Moreover, it 
appears that brain disease was hereditary in his family; 
and lie long apprehended the stroke which eventually 
terminated his life. This only made him the more eager 
to employ to the most advantage the time which it might 
yet he permitted him to live; and ho dreaded above all 
things the blight of Ids mental powers—to uso his own 
words, “lingering over the dregs after the spirit had 
evaporated ” - chiefly as depriving him of the means ol 
doing further good. 

The last public measure on which ho was professionally 
engaged in London, was the passing of tlio Bill through 
Parliament for the construction of tlio Birmingham anc 
Worcester Canal. It was very strongly opposed, and its ■ 


♦ Since the first edition of thin 
w ork appeal ed, a correspondent Inin 
hout ns a copy of a letter written 
liy Mr. Smeaton, on tlio 4th of • 
August, 17i)2, alluding to the ex- . 
traordinary disease undor which 
he laboured at that timo. Mr. [ 
Smeaton says:— ‘‘I ani obliged 
by ymu inquiries after my health, 
Imt unless the dreadful disorder 
in my stomach can bo effectually 
removed, which consists in an 
over quick digestion, and is medi¬ 
cally called the Fames Canina , 


1 believe my mental faculties wiL 
be of little further use. The length 
of time I was lcqpt in tow by the 
Itam'.gute Bill lantr. Bpring, sc 
thoroughly confirmed fine disorder, 
that ull the relief I have ever 
since found, by riding on horse¬ 
back in my native air, scents to 
make but very slow progress to- 
waidsacuro. . . , P.S.—-Yoti will 
scarcely bo able to oonoeive what 
a task it has been to get this letter 
written.” 
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in Committee cotft him much application, thought, 
a^'fi$d£ty. His friends saw him visibly breaking down, 
and apprehended that the powers of his vigorous mind 
wsifr beginning to foil. Tho Bill passed by a small 
majorifyi and Mi*. Smoaton went down to his home at 
Atmtboffpe for repose. 

Shortly after, when walking in his garden, ho was struck 
by paralysis. Happily his faculties returned to him, and 
he expressed his thankfulness to tho Almighty that his 
intellect had been spared. He was very resigned and 
cheerful, and took plcasuro in seeing tho usual social occu¬ 
pation of tho family going on about him. He would, how 
ever, complain of liis growing slowness of apprehension 
and excuse it with a smile, saying, “ It could not bo other 
wise : tho shadow must lengthen as tho sun goes down/' 
‘‘Some phenomena relating to tho moon formed the subject. 
Of conversation one evening, when its fulness sliono very 
bright into his loom. Fixing his eyes upon it, ho said, 
“How often have I looked up to it with inquiry and 
wonder, and thought of the period when I shall have tho 
vast and privileged views of an hereafter, and all will bo 
comprehension and pleasme!” 

He even continued to dictate letters to his friends; and 
in one of theso, addressed to Mr. Holmes, after describing 
his health and feelings, lie said: “ In const quonco of the 
foregoing, I conclude nn self nine-tenths dead, und the 
'greatest favour tho Almighty can do me (sib I think) will 
be to complete tho other pait; but as it is likely to bo a 
lingering illness, it is only in His power to say when that 
is Bkelytc-liappen.” His suffering, however, did not last 
long; And after the lapse of about a month from tho 
writingfof- this letter, the engineer’s spirit found repose. 

He died on tho 28th of October, 1792, in tho 68th year 
of his age; and was bnried with his forefathers in the old 
parish church of W hitkirk, whero a tablet with the follow* 
ing inscription was erected to his memory;— 

4 N 2 
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Sacred to the Memory 

OF JOHN SM EATON, F.K.&* 

A Man whom God had endowed with the moat extraordinary abilities, 
which he indefatigably exerted for the lxmcllt of Mankind in 
works of Science and Philosophical research 
More especially as an Engineer and Mechanic. His prih^ipaiv Woik, 
the Eddystono Lighthouse, erected on a rock in the open pie^lrhere 
one had been washed away by the violcnco of a storm, ahd&)3btber 
had been consumed by tlie rage of lire,) socuro in its own stfl^i|^.a>nd 
the wise precautions for its safety, seems not unlikely’ tbowSvhv to 
distant ages, as it dot's to every Nation of the Globe, the ita 

constructor. ~ v 

.< 

lit; was born at Ansthorpe, June 8, 1724. 

And departed this Life October 28, 17112. 


Also Snored to the Memory of 
ANN, the wife of the said Joiix Smhaton, F.R.S., 
"Who died January 17th, 1784. 

Their two surviving Daughters, 

Duly imprest with sentiinonts of Love and Respect 
Eor the kindest and tenderest of Parents, 

Pay tins hibute to tlieir Memory. 







Sme&ton’s Bunal plice in Wlnlkiik Church 
0> Ckttennole, alter an original Sketch by T Sutcliffe, Leeds 3 
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Bennie s Native District [Oulnance Sumy } 



% was the owner of tho patrimonial estate, 
t midway between Haddington and Dunbar, 
the gently-sloping hills which rise from it 
tttn—the village of East Linton lying cl *o 
farther bank of the little river Tyne. 
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The only post road from London to Scotland passed 
olose in front of the houso at Phantassie, in which John 
Bennie was born. It passed westward oyer Penetake, and 
followed tlio ridge of the Garleton Hills toward* Edin¬ 
burgh. The old travellers had no aversion to;hill tops, 
rather preferring them because tho ground was A®aer to 
tread on, and they could better see about them. This line 
of high road avoided tho county town, which, lying in a 
hollow, was unapproachable across the low grounds in wot 
weather; and, of all things, swamps and quagmires were 
most to bo dreaded. A portion of the old post-road was 
visible until within tho last few years, upon the high 
ground about a milo to the north of Haddington. In 
some places it was very narrow and deep, not unlike an 
old broad ditch, much waterworn, and strewn with loose 
stones. Along this lino of way Sir John Cope passed 
with his army, in 174.5, to protect Edinburgh against tho 
Highland rebels; and it is related that, on marching 
northward to intercept them, lie was compelled to halt for 
several days, waiting for a hundred horse-loads of bread 
required for the victualling of his army. 

In 1750, a project was set on foot for improving tho 
high road through East Lothian, and a Turnpike Act was 
obtained for the purpose—the first Act of tho kind obtained 
north of the Tweed.* The inhabitants of the town of 
Haddington complained loudly of tho oppression practised 
on them, by making them pay toll for every bit of coal 
they burned; though before the road was made, it was a 
•rood day’s work for a man and horse to fetch a load of 
“divot” or Turf from Gladsiquir, or of coal imm.the 
nearest colliery, only some four miles distant.' jly tho 
year 1763 this post-road must have been made practicable 
for wheeled vehicles ; for in that year the ono stage-coach, 
which for a time formed the sole communication of the 

* G. Buchan Hopbum’a ‘ Ge- Economy of East Lothian, 17JK’ 
ueral View of the Agriculture and p. 151. 
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kind between London and all Scotland, began to run; and 
John Bennie when a hoy, was familiar with the sight of 
the tuu&nth vehicle lumbering along tho road past his 
door* * It H set out ” from Edinburgh only once a month, 
the jotosiey to London occupying from twelve to eighteen 
days, according to the state of the roads. 

Dr. Carlyle, in his * Autobiography',* says, tlnit in 1757, 
he made an exclusion into England, with Sir David 
Ivinlodb. and some other gentlemen. Th*» baronet and 
himself rode in a postcliuiso, “a vehicle which hail but 
recently been brought into Scotland, us our turnpike roads 
were then in their infancy.** A short time before, when 
Home, tho poet, accompanied by sonic six or seven Morse 
ministers, were proceeding to London to get the play of 
Douglas put upon the stage, the entire party rode on horse¬ 
back. But Home, like an oblivious poet, forgot to piiAide 
himself with a pair of leathern bugs to put liis manuscript 
in; and ho consequently liad to balance himself on Ids 
horse by putting his tiagedy in one pocket of his great 
coat and his clean shirt and night-cap in the other. “ I5y 
good luck,” says the minister, “tho Tweed was not come 
down, and wo crossed it safely at the ibid near Norham 
Castle.”f < 

When Ronnie was born, Scotland was a very poor 
country. Perhaps East Lothian, being a border county, 
was one of tho pooicst. It had been constantly overrun 
and despoiled during the ware wi th England. Haddington 
was thrice burnt to tho ground. For four centuries, 
from Edward I. to Oliver (Jiomwcll, the border counties 
were /sorstantly liable to invasion. The last time East 
Lothian Was Spoiled was before tho battle of Dunbar. 
Agriculture had not yet recovered from these frequent 
attacks. It had become a lost art. But about tho 
middle of last century, agiicultuie began to show signs of 
revival. The country as yot consisted moptly of moorland, 


* Dr. Carlyle, * Autobiography,' p. 32C f Ibid. 303 
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peat, and bogs. Very little com was raised; and when 
the first wheat was grown in a field near Edinburgh, 
all tho country flocked to Fee it.* James Kenjiio, the 
engineer’s father, was one of the first to introduce 
turnips as a regular farmer’s crop; for, before his time, 
neither clover, turnips, nor potatoes were grown in 
Scotland, Cattle could with difficulty be kept alive; and 
tho people themselves were often on the brink of starva¬ 
tion. They were hopeless, miserable, and without spirit. 
Some thouglit that Tho Union had utterly destroyed 
Scottish prosperity. There were even Repealers in those 
days ;f but they could not successfully combine. There 
was very little communication between country and town, 
or between one town and another ; for during tho greatest 
part of tlie year, the roads were simply impassable. 
The Darien Expedition had ruined those who had put 
their money in it; and the people seemed lo have no 
spirit to make any fin t her attempt to prosper. It would 
appear as if neither skill, money, nor enterprise, remained 
in the laud. 

Engineering and architecture, like agriculture, seem 
also to have become lost arts. The few small bridges built 
at the beginning of the eighteenth century*were of a 
frightful character. They were of a circular form; so 

* There is every reason to he- j tho neighbourhood. The rents 
liovo that at a remote period, Scot- i wero paid in kind for the main¬ 
land had been well cultivated. ' tenance of the nuns, and consisted, 
The army of Edward I. subsisted amongst other things, of four bolls 
on tho beans and pease which they of wheat and three bolls of oat- 
found in the field, when besieging meal yearly. AmJ yet, at tho bo* 
Dirleton, East Lothian, in 121)8; j*gilining of the eighteenth, cen- 
ond from the old ehartularics of J tury, tlie production*of wheat in 
the Monastic establishments, it is ' Scotland hud been entirely dts- 
clcuT that wheat was cultivated to continued. 

a considerable extent, at the same f Among these were Fletcher 
time. Adda, mother of William of Saltoun, the Earl of Wigtnn, 
thoLioiuhavingfoimdcdanunnery and others. For further remarks 
at tlie Abbey, near Haddington, as to the decayed state of Scot* 
about tho year 1178, endowed it land at this time, see vol. iii 
with the rents of certain lands in * History of Hoads/ pp. 4S-59. 
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that, when ‘erected aoross a stream of say twenty feet is 
breadth, they rose ten feet in height from the spring oi 
the arch, and descended ten feet on the other side. Cross¬ 
ing a bridge of tin's sort was like climbing over the roof of 
a houisei The bridge builders of thoso days had no notion 

r 1 1 

that the segment of a circle, well supported at its springing, 
was as strong as the full bow. lint bridge-building had 
not always been in this backward state in (Scotland. It is 
probable that, the whole country--or at least the Lowland 
>part of it—was in a much more flourishing condition pre¬ 
vious io the commencement of the fourteenth century, 
than it was for some four hundred and fifty years after 
that timo. 

The highly improved stato of architecture in early times 
—as is still exhibited in the ruiiiR of the ancient abbeys 
of Melrose, Elgin, Kilwinning, Aberborthwiek, and other 
religious institutions—load us to conclude that the other 
arts and sciences wore in a much more forward state than 
they have been at a more recent period. The same “ Urol hers 
of the Bridge ” who erected so many lino old bridges across 
the rivers of England, were equally busy beyond the 
* Twoed, providing those essential means of intercourse for 
the community. Thus we find Old Bridges early erected 
across most of the rapid rivers in the Lowlands, espe¬ 
cially in thoso places where the ecclesiastical foundations 
were the richest; and to this day the, magnificent old 
abbey or cathedral of the neighbourhood --in some corner 
of which the Presbyterian Church continues to hold its 
worship—sorves to remind one of the contemporaneous 
origin ofrooth classes of strictures. 

Thus, as early as the thirteenth century, there was a 
bridge over the Tay at Perth; bridges over the Esk at 
Brechin and Mary kirk; one over the Dee at Kincardine 
O'Neil; one at Aberdeen; and one at the mouth of Cilen- 
muick. 'fyo fine old bridge over the Dee, at Aberdeen, is 
still standing: it consists of seven arches, and, as usual, 
the name of a bishop—Oawiu Dunbar—is connected with 
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its erection. There is another old bridge over the Don 
near the same city, said to have been built by Bishop 
(Jhoyne in the time of Iiobcrt the Bruce—the famous 
“ Brig of Balgonio,” celebrated in Lord Byron’s stanzas as 
“ Balgownie Brig’s black wa\” It consists of a spacious 
Gothic arch, resting upon the rock on cither side. There 
was even an old bridge over the rapid Spey at Orkhill. 

Then at Glasgow thcro was a fine bridge over the Clyde, 
which used, in old times, to be called “ the Great Bridge 
of Glasgow,” said to have been built l>y Bishop Bac in 
11345. Though the bridge was only twelve feet wide, it 
consisted of eight arches ; somewhat similar to the ancient 
fabric which still spans the Forth under the guns of Stir¬ 
ling Castle. This last-mentioned bridge was, until recent 
times, a structure of gnat importance, affording almost 
tho only access into the northern parts of Scotland foi 
wheeled carriage's. 


But the art of bridgc-buildiug in Scotland, as in Bug- 
land, seems for a long time to have been almost entirely 
lost; and until Smeaton was employed to erect, the bridges 
of Coldstream, Perth, and Banff, next to nothing had been 
done to improve this essential part of the communications 
of the country. Where attempts were made by local 
builders to erect such structures, they very rarely stood 
the force of a winter’s, or even a summer’s, flood. “ I 
remember,” says John Maxwell, “ the falling of the Bridge, 
of Buittie, which was built by John Frew in 1722, and 
fell in the succeeding summer, whilo 1 was in Buittle 
garden seeing my father’s servants gathering nettles [for 
food].” * A similar fate befell* the fow attempts,i&ai*were 
made about the same time to maintain the lines of com¬ 
munication by replacing tho old bridges where they had 
gone to ruin, or substituting new ones in place of fords. 

The mechanical arts had also fallen to the very lowest 


* Appendix to ‘ Picture of Dumfries.’ Bj John MacDiarmid 
Edinburgh, liW2. 
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state. All kinds of tools wove of the most imperfect 
description. Tho implements used in agriculture were 
extremely rude. They wore mostly made by the farmer 
himself, in the roughest possible style, without the assist¬ 
ance of any mechanic. Jhif a plough, which was regarded 
as a complicated machine, was reserved for the blacksmith. 
It was made of young birch trees, and, if the tradesman 
was expert, it was completed in tho course of a winter’s 
evening.* This rude implement scratched, without ditli- 
culty, the surface of old crofts, but made sorry work in 
out-fields, where the sward was tough and stones were 
large and numerous. Lord Kuimes said of the harrows 
used in his time, that they wen* more fitted to raisu 
laughter than to raise mould. Machinery of an improved 
kind had not yet been introduced into any department of 
labour. Its first application, ns might he expected, was in 
agriculture, - then the leading, and indeed almost the only, 
branch of industry in Scotland; and the introduction of 
machinery will be found both curious and interesting, in 
its hearing on the subject of our pnsent memoir. 

There was one fruitful art, however, remaining in Scot¬ 
land, which anus calculated, more than an\ thing i Ise, to 
restore the prosperity of tho count iv and lliat was, Ihearl 
of U aching. The number of sellouts throughout Ihoeotmlrv 
was considerable, in which tin: rising generation were 
well and wisely taught. The “ (1 rummar-seliools M in (ho 
principal boroughs e\i.st< d before the lielonnation; Iho 
parish schools weie one <>f the principal results of ihe lie- 
formation. The (Iranimar-seltools wen. found'd b\ bene- 
voleiiT. individuals, who vtMed in the ehmeh, or in the 
burgh corporations, certain property or sums of money, for 
the purpose of educating Ihe uuifh of tin* towns in which 
they Avero established. That they existed in the Ioavds 
when Scotland was a Catholic country, is clear from the 
fact that John Knox himself a\ as educated at tin*, (grammar 


* * Farmej’ft Mn^u/iiie,’ No. \xxiv., p. lim. 
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School of Haddington, of which town he was a native; 
and he relates that ho there leamt the elements of the 
Latin language. 

But these burgh schools wero insufficient for the general 
education of the people,—who, for the most part, lived in 
the country, and could scarcely approach the towns during 
the greater part of tho year, by reason of tho badness of 
the roads. Accordingly, one of tho first measures which 
John Knox proposed to tho Lords of the Assembly after 
the Deformation, was the establishment of a school, sup¬ 
ported by the heritors, or proprietors of land, in every 
parish throughout tho country. In his first ‘ Book of Dis¬ 
cipline’ ho explicitly set forth, “That every several Kirke 
have ano sohoulmaister appointed, able to teach grammar 
and the Latin tongue, if tho town be of any reputation; ” 
and, if an upland town, then a reader was to be appointed, 
or tho minister himself must attend to the instruction of 


the children aud yuulli >1‘ the parish. It was also enjoined 
that “ provision be made for the attendance of those that' 
bo poore, and not able by themselves or their friends to bo 
sustained at letters;” “for this,” it was added, “must be 
carefully provided, that no father, of what estate or con¬ 
dition that ever he may be, doth use bis children at his 
own fantusie, especially in their youth head; but all must 
be compelled to bring up their children in learning and 
virtue.” 


Tliis was admirable advice, but it could not be carried 
into effect lor more than a hundred years. The civil wars, 
tho attempts made to impose Episcopacy uppn Scotland, 
and tho troubles of tho nation down to tho Devolution 


of 1688, prevented the people uniting for the purpose of 
establishing a school in every parish; but at length, in 
1696, the Scottish Parliament was enabled, with the con¬ 
currence of William III., to put in force tho Act of that 
year, which is regarded as tho charter of the parish-school 
system of Scotland. It is there ordained, “that there 
bo a school settled and established and a schoolmaster 
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appointed in evciy parish not already provided, by advice 
of the heritors and minister of the parish.” 

In consequent*) of the operation of this Act. which was 
gradually carried into effect, the parish schools of Scotland,* 
—working steadily upon the rising generation, nil of whom 
passed under the hands of the parish teachers, — wero 
training up a population whoso education and intelligence 
were greatly in advance of their material condition; and 
it is to this circumstance, wo apprehend, that the true 
explanation is to bo found of that rapid leap forward 
which the country now took, dating more particularly 
from the year 1745. Agriculture was naturally the first 
branch of industry affected; new crops wero introduced, 
new methods of fanning, ‘new machinery for plough¬ 
ing! harrowing, and reaping the produce of the land. 
These improvements were followed by like advances in 
manufactures, eummcrco, and shipping—by discoveries in 


* Besides the abundance of 
schools, and the excellence ot 
the education given, the nio- 
- deration of the teen chained i* 
worthy of notice. l)r. (luthrio, in 
his ‘Autobiography,’ mention* the 
schools at Brechin, when* he was 
educated some sixty years ugo. 
First, he was taught at a private 
scllbol, of which the late Dr. 
McCrie was the teacher. “ lk- 
sides this school,” ho say*, “there 
were two others in Brechin wlme 
Latin and f^eek, French ami 
Mathem atics, were taught. On.* 
of tllOnO was endowed from pro- 
perty belonging in Koinnu L'atho- •, 
lie times to the Knights Tempi ms, j 
who had a precoptory there. The 
other was the parish sch«•<;>]. 11<kh 
were conducted by ‘ preacher*,’ or 
licentiates of the Church of Scot¬ 
land—university men who hud 
spent at least eight years at 
oolloge. Both prepared young 


men for the university, teaching 
them, besides the more common 
branches of education, Algebra, 
Fiiclid, French, l.atin, (heck, ami 
all for live shillings a ■piuitcr! 
That may astonish people now-a- 
days. But so it was; and tlm 
bursa lies which a huge; projior- 
tion of these pupils won by open 
cojiipi titioii at the universities of 
St. Andrews and Abenhen, while 
the means of tln ir support there, 
proved the giKidncsH of the touching 
they got for tins small sum. The 
icsiilt of tliis cheap and etllcieut 
education was that tlm sons of 
many poor and humble people 
pallid tin ir way up to honour¬ 
able positions in life, while the 
pm cuts laid not their self-respect 
ami feelings of independence 
lowered by owing the superior 
idm;ation of their children to 
others than themselves." ( f Ac to 
biography/ pp. 
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invention, of which the Condensing Steam-Engine* dia- 
covercd by James Watt, was by far the most important.* 
Indeed, from that period, Scotland has never looked back ; 
but her progress has gone on at a constantly increasing rate 
—and lias issued in results as marvellous as they have 
probably boon unequalled. A century of Work has raised 
Scotland from the position of one of the poorest and most 
miserable of countries, to that of one of the best cultivated, 
most prosperous, and intelligent in Britain. 


Farmer llonnie died in the old house at Bliantassie in 
the year 1700, leaving a family of nine children,- - four 
sons and five daughters. George, the eldest, was then 
seventeen .years old. lie was discreet, intelligent, and 
shrewd beyond bis years, and from that time forward he 
managed the farm and acted as head of the family. 
The year before his father’s death he had made a tour 
through Berwickshire, for the purpose of observing the 
improved methods of farming introduced by some of the 
leading 1 gentry of that countv, and lie returned to Phan- 
lassie full of valuable practical information. The agri¬ 
cultural improvements which he was shortly afterwards 
instrumental iu introducing into East Lothian wore of a 
highly important character. Ilis farm came to he rc- 


•A writer, in the Scotch Furnirrs 
Ulltirfitziitr tor 1SI0, makes the fol¬ 
lowing observations: — ‘* During 
the last lil’ty }cars Scotland has 
made mpid progress in agricul¬ 
ture. architecture,unvigation, and 
eoumicice; and it in some she 
has excelled her neigh hours, it 
may perhaps he nserilicd to that 
wlmlesomi and useful svstem of 
paroeln.d education, which was 
hoipienthed to her children hy the 
last Parliament which she ever 
assembled as an independent 
kingdom. The elements of learn¬ 


ing, consisting of rending, writing, 
and accounts, though seemingly 
stiperlieia 1 at tainments.have never¬ 
theless, been of in u iicu sc value to 
• «he people. Tin v haV OTiabled 
' them to eompreheml, adopt, and 
: improve to the v tmost, every new 
hiaueli of seieme, as soon as it 
sprung up in any comer of 
Kurope; and there is no circum¬ 
stance so peculiar in the possession 
of a little knowledge, as tho desire 
. which it communicates, and the 
| capacity whicli it lx stows, of ob¬ 
taining still more.” 
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garded as a model, and his reputation as a skilled agricul¬ 
turist extended far beyond the bounds of his own country, 
insomuch that ho was afterwards resorted to lbr advice as 
to farming matters, by distinguished visitors from all parts 
of Europe.* 
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JSviiiUi-’s Jiirfliplatr, I’linni.wic. 

[U,V H. M Wiuijn rio, ailrr a Drawing by ,/. S. Smiles.] 

Of the other soils, William, the second, went to sea: lu* 
was tatyn prisoner during.the first Amerieun war, and 
was sent to Boston, where he died. The third, James, 
studied medicine at Edinburgh, and entered the army as 
an assistant-surgeon. The regiment to which he belonged 


* Amongst George ItcnniuVi il- who stayed several niglitn at 
lustrious visitors in hi* later years f Phuntassic, and during the time 
was the Grand Duke Nicholas j *ns present at tho celebration 
(afterwards Eirpcror) of llussia, j of a “ hind’s wedding.” 

II. ' 


0 




194 


* 


EARLY LIFE OF RENNIE. 


1 Ciiap. . I 

9 


was shortly after sent to India: ho served in the celebrated 
campaign of General Harris against Tippoo Saib, and was 
killed while dressing the wound of his commanding officer 
when under fire at the siege of Seringapatam. 

John, the future engineer, was the youngest son, and 
;»nl v five years old at the death of liis father. He was 

tV *j 

accordingly brought up mainly under the direction of his 
mother,—a woman possessed of many excellent practical 
qualities, amongst which her strong common sense was not 
the least valuable. 


The hoy early displayed his strong inclination for me¬ 
chanical pursuits. "When about six years old, his principal 
toys wcio his knife, hammer, chisel, and saw, by means of 
which be. indulged his innate love of construction. He 
pu lerred this kind of work to all other amusements, taking 
but small pleasure in fhe ordinary sports of boys of bis 
own age. 11 is greahsl delight was in frequenting the 
niuilh’s and carpenter’s shops in the neighbouring village 
of Linton, watching Hie men use their tools, and frying his 
own hand when lliey would lei him. 


I>ut. Jiis favourite resort, was Andrew 


MeikleY 


mill¬ 


wright's shop, down by the river Tyne, only a few fields 
otf. When lie began to go to the parish school, then at. 
IVcstoukirk, he had to pass Heildo's shop daily, going and 
coming; and he cither crossed the river by the planks 
fixed a little below the mill, or bv the miller's boat when 
1 lu* waters were high. Jhit the temptations of the mill¬ 
wright's workshop while passing to school in the murniugs 
not unfrequently proved too great for him to resist, and he 
played -truant. He then tried to “make thin.*';^” and 
worked at the bench and the forge. The appearance 
of his lingers and clothes on his return homo, revealed 
the secret of his employment; when a severe interdict 


was laul against his “ idling 


away his time at Andrew 


Meiklc's shop. 


The millwright, on his part, had taken a strong liking 
for the hoy, whose tastes were bo congenial to his own. 
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Besides, he was somewhat proud of his landlady’s sou fre¬ 
quenting his house, and was not disposed to discourage 
his visits. On the contrary, ho let him have the run of 
his workshop, and allowed him to make his miniature 
water-mills and windmills with tools of his own. The 
river which flowed in front of Houston Mill was often 
swollen l>y spates or floods, which descended from the 
Lam me rumors with great force; and on such occasions 
young Bennie took pleasure in matching the flow of the 
Waters, and following the floating stacks, field gates, and 
other farm wreck along the stream, down to where the 
Tyne joined ihe sea at Tyninghain, nhuiil tour miles 
below. 


Amongst his earliest pieces of workmanship was a fleet 
of miniature ships. Jhit not finding tools to suit 3 1 is pur¬ 
poses, he contrived, by winking at the forge, to make them 
for himself; then he constructed his fleet, and launched 
his ships, to tlu* admiration ami astonishment of his [day- 
fellows. This was when he was about ten years old. 

a 

Shortly after, bv the ad rice and assistance of his fiiind 
Mciklc, who took as much [aide in his performances a.*' 
if they had been his own, hVnnie made a model of a 
windmill, another of a fire engine i or s1< urn-engine), and 
another of \ elbnpile-riiginc. displacing a considetaldo 
amount of manual dr\ferit\ : some of these early efl’mls of 
the hoy’s genius being still pivscrvid. 

Though young Rennie thus employed so much of his 
time on amateur work in the millwright's shop, he was 
not permitted to neglerl Ids ordinary education at the 
parish" school. That of J’Pc-.tonkii k was kept by a Mr. 
Richardson, who taught Jiis jnq.il well in tin*, ordinary 
branches of education ; but by the time Rennie had reached 
twelve years of age, he seems almost to have exhausted 
his master’s store of knowledge, and his mother then 
thought the time had arrived to remove him to a seminars 
»f a higher order. 

lie was accordingly taken In m the parish school, though 

o 2 
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his friends had not yet made up their minds as to thjB 
steps they were to adopt with reference to his further 
education. The hoy, however, found abundant employ¬ 
ment for himself with his tools, and went on model- 
makiug; but feeling that ho was only playing at work, he 
bccamo restless and impatient, and entreated his mother 
that he might ho allowed to go to Andrew Meikle’s to 
learn to he a millwright. 

He was accordingly sent to Meikle’s, where he worked 
for two'years, and learnt one of the most valuable parts of 
education - the use of his hands. 11c seemed to overflow 
with energy, and was ready to work at anything— at 
smith’s work, carpenter’s work, or millwork; taking most 
pleasure in the hitter, in which he shortly acquired con¬ 
siderable ex pert ness. Having the advantage of hooks— 
limited though the literature of mechanism was in those 
days - lie studied the theory as well as the practice of me¬ 
chanics, and the powc/s of his mind became strengthened 
and developed by means of steady application and self- 
culture. 


At the end of two years, his friends determined to send 
him to the burgh school of Dunbar, one of that valuable 
class of seminaries directed and maintained by the magis¬ 
tracy, which have been established for the last hundred? 
years and more in nearly every town of any importance 
in Scotland. Dunbar High School was then a school of 
considerable celebrity. Air. (Jibson, the mathematical 
master, was an excellent teacher, full of love and enthu¬ 
siasm for his profession; and it was principally for the 
benefit of his discipline and instruction that young Bennie 
was placed under his charge. On entering this school, he 
possessed tlio advantage of being fully impressed with .a 
sense of the practical value of intellectual culture. HiS 
two years’ service in Meikle’s workshop, while it trained 
his physical powers had also sharpened his appetite for 


knowlcdgo, and lie entered upon his second course of in¬ 
struction at Dunbar with tho disciplined powers of a 
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grown man. He had also this advantage, that ho prose¬ 
cuted his studies there with a definite aim and purpose, 
and with a determinate desire to master certain special 
branches of education required for the successful pursuit of 
his intended business. 

.Accordingly, we are not surprised to find that in the 
course of a few months he outstripped all his school fellows, 
and took t-ho first place in the school. A eurious record of 

, m «i x 

his proficiency as u scholar is to he found in a work by 
Mr. David Loch, Inspector-!Jenerul of Fisheries, published 
in 1779.* It was his duty to hold a. court of the. herring 
skippers of Dunbar, then the principal fishing-station on 
the east coast; and it appears that at one, of his visits to 
the town he attended an examination of the burgh schools, 
and was so much pleased with the proficiency of the pupils 
that he makes special mention of it in his book. 

After speaking of the teachers of Latin, F.nglisli, and 
arithmetic, ho goes on to say: “ Hut Mr. Gibson, teacher 
of mathematics, afforded a more conspicuous proof of his 
abilities, by the precision and clearness of his manner in 
stating the questions which he potto the. scholars; and 
their correct and spirited answers to his propositions, and 
their clear demonstrations of his probhms, afforded the 
highest satisfaction to a numerous audience. And here 1 
must notice in a particular manner the singular proficiency 
of a young man of the name of Kunnio. lie was intended 
for a millwright, and was breeding to that business under 
the famous Mr. Meikle, at Linton, Fast Lothian. He had 
not then attended Mr. Gibson for the mathematics much 
more J;han six months, l«it on his examination he dis¬ 
covered such amazing power of genius, that, one would 
have imagined him a second MVwton. Mo problem w r as 
too hard for him to demonstrate. With a clear head, a 
"docent address, and a distinct delivery, he gave ready 


’V* ‘ Essays on the Trade, Commerce, Manufactures, and Fibber it* 
of Scotland.’ 
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solutions to questions in natural and experimental phi¬ 
losophy, and also the reasons of the connection between 
causes and effects, the power of gravitation, &c., in so 
masterly and convincing a manner, that every person pre¬ 
sent admired such an uncommon stock of knowledge 
amassed at his time of life. If this young man is spared, 
and continues to prosecute his studies, ho will do great 
honour to his country.” 

Kennie remained with Mr. Gibson for about two years. 
During that period ho went as far in mathematics and 
natural philosophy as his teacher could carry him; after 
which he again proposed to return to Meikle’s workshop. 
But about this time the mathematical master was pro¬ 
moted to a higher charge - the rectorship of the High 
School of Perth—and a question arose as to the appoint¬ 
ment of his successor. The loss to the town was felt to 
ho great, and Mr. Gibson was pressed by the magistrates 
to point, out some person whom he thought suitable for 
the office. The only one he could think of was his 
favourite pupil; and though not quite seventeen years 
old, he strongly recommended John Bennie to accept the 
appointment. 

The young man, however, already beginning to be con¬ 
scious of his ]mwers, had formed more extensive views of 
life, and could not entertain the idea of settling down as 
the “ dominie” of a burgh school, respectable and respon¬ 
sible though that offico might he. lie accordingly declined 
the honour which the magistrates proposed to confer upon 
him, hut agreed to take charge of the mathematical classes 
until Mr. Gibson’s successor could be appointed. * *5K) con¬ 
tinued to carry on the classes for about six weeks, and 
conducted them so satisfactorily that it was matter of 
much regret when he left the school and returned to his 
family at Phantassie for the purpose of prosecuting his 
intended profession. 
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Andrew Fletcher, of fckiltoun, lied into Holland duiiug 
the political trouble's in the reign of Charles II.. ami 
during his residence there, he was particularly struck by 
the expert methods employed by the ihitch in winnowing 
corn and shoaling barley. The chaff was then ordinarily 
separated from the corn by means of wind upon a kind I, 
ora draught of air blowing through the barn-door; and 
barley was shoaled by pounding the grains with water ir 
the hollow of a stone, until by that means the husks were 
nibbed off. 


Fletcher saw that there was a groat waste of labour and 
food in these processes—for oat- and barley-meal formed 
the principal food of Scotland-—and during his residence 
abroad he determined to introduce the Dutch methods 
into his own country. Writing home to his brother, he 
desired him to scud out to Holland ono Janu s Meiklo, an 
ingenious country wright of Wester Keith,* for the 
purpose of learning the above arts and importing the 
requisite machinery into Scotland. 

After a stay of about two months in that country, 
Meikle returned homo, bringing with him a winnowing 
ma'‘hiric* a uommon]y called ft pair of fanners, and the iron¬ 
work requisite lor a barley-mill. Those were safely trans¬ 
ported to Leith, and afterwards convoyed to fcjaltoun, 


* It would seem that the aneo.«- Act for the encouragement of 
tors of Meikle were held in esteem John Meiklo, founder, who, it 
as ingenious workmen for gi-nc- appears was the find person to 
rations; the Scots Parliament introduce the art of iron-founding 
having, iu 1680, passed a special into Scotland. 
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where the barley-mill was erected and set to work; and 
for many years it was the only machine of the kind in tfe' ( 
British dominions—so slow were peoplo in those days- to 
copy the improvements of their neighbours. “ Saltoun 
barley” was the name by which dressed pot-barley then 
became known, and it continued to presorvo the name 
long after barloy-mills had come into general use. v ; 

James Meiklo was equally successful in constructing 
his fanners for winnowing corn; but they had much 
superstitious prejudice to encounter,—the country people 
looking upon the grain cleaned by them with suspicion^ 
as procured by “artificially-created wind.” /The clergy 
even argued that “ winds were raised by God alone, and 
it was irreligious in man to attempt to raise wind for him :.' , 
self, and by efforts of his own;” and one clergyman oven, 
refused the holy communion to such of his parishioners I 
as irreverently raised “ Devil’s wind.” The readers of , 
‘Old Mortality’ will remember Mause Tleadrigg’s indig-.; 
nation when it was proposed that her “ son Cuddle should 
work in the barn wi’ a new-fangled machine for dightin 1 
the corn fine the elmff, thus impiously thwarting the will ' 
of Divine Providence by raising wind for your leddyship’s 
a in jjarticular use by human art, instead of soliciting it *' 
by prayer, or waiting patiently for whatever dispensa- <; 
tion of wind Providonco was pleased to send upon the 
shealing-liill.” Scott, however, was obviously guilty of an 
anachronism in this passage, for the first pair of fanners 
was not set up at Saltoun until the year 1720—-long 
after tho period of Cuddio Ifcadrigg’s supposed trial—and 
it was not until seventeen y<mrs later that another win-' 
nowing-machine was set up in tho neighbouring shire, 
of Roxburgh, and employed as an ordinary agency' in 
farming operations. * ; , • 

Andrew Meiklo was the only surviving son of Fletcher'S 
millwright, and like him was a clever mechanic. He had 
married and settled at Houston Mill, on James Bennie's 
Phantassio estate, where he combined the occupations of 
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small farmer, miller, and millwright. Ho had him seif 
fitted, up the machinery of the mill, of which ho was the 
.'tenant; and adjoining it was his millwright’s shop, where 
o&rried on his small business in. connection with uii 11- 
teork—tho demands of the district being us yet of an 
dwctiremely limited character. 



Houston Hill. [Uy ti. M. Wimporw, nftiT a Hiatt Ing l»y J. S. •Smll< *.] 

. But the march of agricultural improvement had by this 
4me fairly begun in East Lothian.* Tlie public spirit 

>The Marquis of Twecddale fallowing land and towing broad 
introduced the turnip into tho rbwr and rye-grasH. Lord Elihank 
jounty in 1740; the Earl of Had* and Sir How Dalryroplo divided 
diogten and Mr. Walker of IJean- between them the merit of invent- 
Btpn, first adopted the system of in# or introducing the practice of 






202 


RENNIE’S MASTER- 


CHAP. II. 


displayed by Fletcher of Saltoun was imitated by his 
neighbours. But probably the gentleman who gave the 
greatest impulse to agricultural progress in the county, 
which shortly after extended itself over Scotland, was 
Mr. Oockbum of Ormiston, to whom belongs the honour 
of adopting the system of long leases. He early became 
convinced that the surest way of stimulating the industry 
of the farmer was to give him a substantial interest in tho 
improvement of the land which he farmed. One of his 
tenants having enclosed his fields with hedges and ditches 
at his own cost - the first farmer in Scotland who adopted 
the practice*—his landlord, to encourage his spirit of 
improvement, granted him a lease of his farm for nine¬ 
teen years, renewable at. the expiry of that term for a like 
period. 

The results wen.* found so satisfactory, that Mr. Cock- 
burn was induced to extend the practice, and before 
long d became generally adopted throughout the county. 
From that point agriculture advanced with extraordinary 
rapidity’. Tho more thriving farmers sent their sons into 
England —a practice long since reversed - to learn the 
best methods of farming: they employed bettor imple¬ 
ments and improved methods of culture ; their landlords, 
further to encourage them, huilt more commodious stead¬ 
ings and farmhouses; and they were greatly helped in 
this course by tho unusual facilities fur obtaining credit 
which persons of standing and property possessed, on the 
general extension, from about tho middle of last century, 
of what is called the Scotch system of banking.'!’ 

These measures soon put«*m entirely noAfr faction the 
country. Tho distinction of “ in-lield ” and u out-field ” 
alt<>gcther ceased. Farms became complc*ely' enclosed, and 
sheep ami black cattle were no longer allowed to roam 


uruler-drninirifr; and Sir Georpro * Brown on ‘ Rural Affaire.’ 

Suttie first employed the Norfolk f See Adam Smith’s * Wea th 

system of rotation of ?rops. J of Nations,’ Book II., Chap. 2. 
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at largo. Fields were thrown together, and small holdings 
consolidated into largo oiks. Tin* moorland and the bug 
were reclaimed ami converted into fruitful farms. A 
single instance, of some historical interest, mav be given 
When the Koval army lay upon the held of Prestonpans 
ill 1745, their front was “ protected by a deep bog," across 
which Hubert Anderson, a young gentleman of the eounly, 
who* knew every foot of the ground, contrived to lead thu 
Pretender’s annv hv a oath known only to himself. That 

s • * 1 * 

bog, like so many others. Jias long since been reelaimod by 
drainage and cultivation, and now forms part, of one of 
the most fertile farms in the Bothians. 

Such was the improving state of affairs in Mast Tnthian 
when Andrew M<*iklc began business at Houston Mill. 
TIis reputation as a mechanic and liis skill in mill work 
were such, that he was usually employed in repairing ami 
erecting mills in Ids own and the adjoining counties. 
Being an ingenious and thoughtful man, lie eagerly turned 
his attention to the improvement of agricultural machinery, 
more especially of that connected with the thrashing, 
winnowing, dressing, and grinding of grain. Thus, as 
early as the year I7dH, we find him taking out a patent, - 
one of the verv first, taken out hv anv Scotch mechanic - 

i# ■ i 

for a new machine contrived hv him for dressing ami 

f fr 

cleansing corn.* It was a combination of the riddle 
and fanners; and, though of no great novelty, it showed 
the direction in which his inventive faculties were at 
work. 

Nothing caused so much loss and vexation to the farmer 
in forniiT "times as the operation of separating the corn 
from the straw. In some countries it was trodden out 
by cattle; hence the Biblical proverb, “Thou slialt. not 

* 

* Patent No. 890. The name I ast-nemted with that of Muilclc in 
of Robert Madcell (employed with ] thin patent; Muck ell probably 
•Tamefc Watt in the sur\ey of the j finding the money, ami Mcikle 
“ditch canal” through Perth-I the bruins, 
shire—sec Life of Smeaton) was [ 
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muzzle the ox that trcarletli out the com.” Slddges or 
trail-calls were also used for the same purpose; btttth© 
most common instrument employed was the flail. By ’ 
eith«T of these methods, however, the process of thrashing 
was slowly performed, win 1st a considerable portion of fjhe 
grain was damaged or lost. " v 

Many attempts had been made before Meikle’s time to 
invent a machine which should satisfactorily perform this 
operation; but without ofleet. An East Lothian gentle¬ 
man, named Michael Menzies, contrived one upon the 
principle of the tlsa.il, arranging a number of fiailB so as 
to be worked by a water-wheel; but they wore soon 
broken to pieces by tile force with which they fell. 
Another rxp'-riment was made in 1758 by a Stirlingshire 
funner, named Lcckie, who invented a machine on the 
principle of tlu; horizontal tlax-mill. It consisted of a 
vertical shaft, with four cross-arms fixed in a box, and 
when set. in motion I tie arms beat oil' the grain from the 
straw when let down upon them hy hand. Though this 
machine sueeerded very well in thrashing oats, it cut off 
the heads of every other kind of corn submitted- to its 
operation. 

Similar attempts were made about the same time by 
farmers in the south, more especially by Mr. Ildcrtoq at 
Alnwick, Mr. Smart at AVark, and Air. Oxley at Flodden, 
about. 1772-8. The machine employed by these gentle¬ 
men was composed of a large drum, about six foot in 
diameter, resembling a sugar hogshead, round which wore 
placed a number of fluted rollers, which pressed inwards 
upon the drum by means of springs. The corq*in passing 
the cylinder and rollers, was no doubt rubbed out; but a 
largo proportion of it being bruised and damaged by the 
operation, this plan too was eventually abandoned. Mr. 
Oxley is said to have afterwards tried the plan of stripping 
the coni from the straw by means of a scutcher; but the 
machine constructed with this object did not answer, and 
it was also laid aside. 
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Mfr* Kinloch,* of Gilmerton in East Fjothian, had how- 
seen the last-mentioned machine at work, and ho 
conceived the idea of improving it,, Jlo accordingly hud a 
mtffel made, in which lie contrived that tin* drum, mounted 
with.four pieces of tinted wood, should work upon springs, 
pressing with less force upon tho corn in the process of 
rubbing it out. This model was shown to Mcikle, with 
whom Hr. Kinloch had many conversations on the subject; 
gnd at tho millwright’s suggestion several improvements 
were made in it, one of which was Ihe substitution of 
smooth feeding rollers for fluted ones. When the model 
had been completed. Hr. Kinloch sent it to Houston Mill 
to be triod by the power of Mciklc's water-wheel. On 
being set to work, however, it was driven to pieces in a 
few minutes; and the same fate befell a larger machine 
after the same model, which Mr. Kinloch got made lbr one 
of his tenants a few years later. 

•. ’.Tho best result of Mr. Kinloch's experiments was, that 
.they had the effect of directing tho inventive mind of 
Andrew Mcikle to tho subject. .After soveml years’ 
thinking and planning, he eonsfriiefod a thrashing-machine, 
about tho yfcar 1770. it. consisted of a number of flails 
fixed in a strong beam moved by a crank, which beat out 
the com on two platforms, one on each side of the beam. 
The performance of this machine, in the presence of some 
East Lothian farmers who went to set* it at work, was on 
tho-wholo satisfactory,f yet it did not come up to Mciklc’s 


* Aflerwards.Sir Francis Kin¬ 
loch. • * < 

f The following ih a literal copy 
of the memorandum which was 
drawn up and signed on the occa¬ 
sion 

"Kndw MUl, 1411) F<h, 177q —Wo 
whose names are subjoin'd. doiiwl l>y 
Andrew M»*ikl«* to w itn< sh .hi < xp* i nm nt 
of hi* threshing nuchfru*. mot tins «|.iv, ; 
.ndttWrone hour's pi.rlortn.imc of '■■u-l 
with the iMirUnu' of on" man U. 1 
feed fn and carry of the straw. ilight ant* 


ivjri-nii.t up uni' Inti!, 'irul tv."i fnip<H 
lurl v bfiiij; '.f nm ii <jn.,li11<>, YVe .in* of 
opinion tli.it ii Man, in Mk> ordinary way 
of llm ilrni', ioijM not tlir< kIu d five, 

or ti fir I* ts ai , in on>> day. The 



ni.ui I l> r> living moht 1m- considerable. 

" (Si^ik-i; 

Ji.'jn DiMirion, I'mcjif In Tyriinghiui, 
KoNri |)i»k, J<ni-nt!ii II< (iderwik, 
0<*oigi> K^iiiilo, T» it* ni in I'aiitiw 
W till i in v\ Mm .ii, l'i iifnt. In I*, u.siown, 
William Craig, rynlngluiu." 
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expectations. On one of flic gentlemen observing* that 
the flails ami platforms probably would not bear the force 
of the stroke, the inventor replied, that in case the 
machine did not answer, ho intended to try a method of 
l)i ating ont the com by means of fixed scutchers or 
beaters.* 


Acordingly he proceeded to work out this idea in 
practice, and after a few 3 r ears he succeeded in perfecting 
his invention on this principle, which was entirely new. 
Those scutchers, shod with iron, wore fixed upon a strong 
brain or cylinder, which revolved with great velocity, and 
in the process of so revolving, beat off the corn instead of 
nibbing if off by pressure, as bad been attempted by 
former contrivers, J»y dint of study and perseverance he 
smvcodi d at length in prrfeeting lu’s machine; to which 
h" added solid fluted feeding rollers, and afterwards a 
machine for shaking the straw, fanners for winnowing tho 
corn, and other improvi-ments. 

31ei k 1 e is said to ha\e been superintending a mill job at 
Leirli, at the lime when he was engaged in working out 
this emit ri vanee in lii.s mind, lie was accustomed to walk 
flu-re and back within the same day uhile his job was in 
hand, or a distance of about forty miles, lie studied the 
subject during his journey, and would occasionally stop 
while travelling to drawn rapid diagram upon the road 
with his walking-slick. It is related of him that on one 
occasion, whilst very much engrossed w ith the subject of his 
thrashing-mill* he had, absorbed by lus calculations, 
wandered considerably from the right path, lie stopped 
short suddenly, and hastily sketching his plan otid.hr road, 
exclaimed, “ J have got it! I have got it !” Archimedes 
himself, when he cried “ Eureka,” could not havo l*een 


*A Ri'|>h\ t'*;m Atkins* to the | ,i<rt of the Threshing Machine. 
I’uMie, lull inoie pnrtieulurly t. J>\ .John Sheriff J£dinbargh 
I he bunded Interest, of (irent liSlh 
Jhili'.jii and hclued, on the sub* j 



Chat. II. 


ANDREW ME1KLE. 


Zl»/ 


more delighted than our millwright was at the happy 
upshot of his deliberations. 

The first maehine erected oh Meiklo’s new principle 
was put up in 1787 for Mr. .Mein of Kilbcggie, in Clack- 
mannanshire, who had great difficulty in procuring a suffi¬ 
cient number of barnsmen for thrashing straw to litter 
the large stock of cattle he had on hand; but the novelty 



AiuhiwMoKlr 'Ii\ I. I». Sc/.t. .tftor Kudiluck. j 


of the experiment, and flu- doubt entertained by Mr. Stein 
as to the cfficarv of the ptoposed machine, induced him to 
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require, as a condition, that if it did not ahswer the 
intended purpose, Meikle was not to receive anyp&ynient 
for it. The result, however, proved quite satisfactory, 
and the thrashing-machine at Kilbeggio, which was driven 
by water power, long continued in good working order. 
The next ho erected was for Mr. George Rennie, at 
Phantassio, in the same year ; and by this time ho had so 
perfected his machine as to enable it to be driven by 
water, wind, or horses. That at. Phantassio was worked 
by horse-power. In 1788 Meikle took out a patent 'for 
his invention, describing himself in tho specification &£ 
“engineer and machinist.”* 

The thrashing-machine proved to he one of the greatest 
boons ever conferred upon the husbandman, and effected 
an immense saving of labour as well as of com. By it* 
means from seventy to eighty bushels of oats, and from, 
thirty to fifty bushels of wheat, might be thrashed and 
cleaned in an hour; and it is calculated to have effected 
a saving, as compared with the flail, of ono-hundredth, 
part of tlu‘ whole corn thrashed, or equal to a valuo of not 
less than two millions sterling in Great Britain alone 
In the course of twenty years from the date of tho patent 
about three hundred and fifty thrashing-mills were erected 
in East Lothian alone, at an estimated outlay of nearly 
forty thousand pounds; and, shortly after, it became 
generally adopted in England, and indeed all over the 
civilised world. 

We regret, however, to add, that Meikle did not reap 
those pecuniary advantages from lijs invention, which a 
less modest and more pushing man would have done. 
Pirates fell upon him on all sides and deprived*him of the 
fruits of his ingenuity, and oven denied him any originality 
whatever. When growing old and infirm, Sir .John 
Sinclair bestirred himself to raise a subscription in his 
behalf; and a sum of loOO/. was collected, which was 


* Patout No IGio: Machine for separating Corn from Straw.** 



Chap. If 


ANDREW ME1K1.E. 


201 * 


invited for his benefit. Mr. "Pompster. M.P.. wrote to Si? 
John, when on his charitable mission in ISiM*- “.Should 
your tour in East Lothian procure a suitable rowan! to 
the inventor of the thrashing-machine, it will redound 
much to your and the countn's honour; our heathen 
ancestors would have assigned a place in heaven to 

Meikle.”* 

Smeaton knew Meikle intimately. ami frequently met 
him in consultation respecting the arrangements of the 
JJalry Mills, mar Edinburgh. and other works; ami he 
W’ftS accustomed to say of him, that if he had possessed 
but onc-lialf the address of otlier people. he would have 
rivalled all his eon temporaries, ami stood forth as one ul 
the first meehanieal engineers in tile kingdom. 

Among the. various improvements which this ingenious 
mechanic introduced in millwork, were those in the sail 1 - 
of windmills. Ilelbre his time. Ihese machines were liable 
to serious accidents on the occurrence of a sudden gale, <n 
a shift in the direct ion of the wind. I’v Meiklc’s con¬ 
trivance. the machinery was so arranged that the whole 
sails might be taken in or let out in half a minute, accord 
ing as the wind inquired, by a person merely pulling a 
rope within the mill. r J he maehineiy was at the same 
time kept in more uniform motion, and all danger from 
sudden squalls completely avoided. 

11 is* additions to the power of water-w In els were also 
important, ami on one occasion proved effectual in carry¬ 
ing out un improvement of a mnarkable character in the 
county of IVitli. 'fids as as licit Inr more nor lens than 
washing; ;»w* y into the m <41* Forth some two thousand 
acres of peat moss, and thus laying hare an equivalent 
enrface of arable land, now amongst the most valuable in 
tlio Carrse of Stirling. 

Tho Kincardine M oss was situated between the rivers 
Xeitk and .Forth, ft was seven feet in d< pth, laid upon a 


4 Memoirs of Sir John Sinclair/ a el. 11. p. ‘Jti. 


II. 
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bottom of rich clay. In 1 7 66 Lord Kaimes, who entered 
into possession of the Blair Drummond estate, to which it 
belonged, determined, if possible, to improve the traOt of 
land; and it occurred to him that the easiest plan W0i4^ 
be to wash the moss ontirely away. But how was this to 
be done? The river Teith, which was the only available 
stream at hand, was employed to drive a corn-mill. But 
Lord Kaimes saw that it would answer his intended ptUh* 
pose if he could get possession of it. lie accordingly made'. 
an arrangement by which he became owner of the mill, 
which he pulled down, and then turned the mill-streant ill 
upon the moss. Labourers wore set to work tocut*awhy^ 
the stuff, which was thrown into the current, and much'* 
of it thus washed away. But the process was slow, fftrtd 
the cli'uring of the land had not advanced very far by the 
year 178d, when Lord Kaimes'sson, Mr.Home Drummond, 
entered into possession of the estate. A thousand acred 
si ill remained, whi«*h lie determined to got rid of, if' 
possible, in a more summary manner than his predecessor 
had done. 

Mr. Drummond consulted several engineers— amongst 
others Mr. Whitworth, a pupil of Brindley's— who recdnt-** 
mended one plan; but (Jcorge Meikle, a millwright at 
Alloa, tlu 4 sou of Andrew, proposed another, tho invention 
of his father; and Mr. Whitworth, with much candour and 
liberality, at once acknowledged its superiority to his own, 
and urged Mr. Drummond to adopt it. The invention con¬ 
sisted of a new]y-eontri\ed wheel, 28 feet in diametor and 
10 feet liroad, for raising water in a simplo, economical, 
md powerful manner, at tin rate of from 40 u> t 60 hogs¬ 
heads a minute; and it was necessary to raise it abogt 
17 feet, in order to roach the higher pa'ts of tho land. 
The machinery, on 1 icing erected, was set to work, and with 
such good results, that in the course of a very fow years, 
four miles of barren moss was completely washed away, 
aud the district was shortly after covered with tllriyibg 
farmsteads, as it remains to this day. 
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Meiklo was a thorough mechanical inventor, and, 
Vh,ett>ver ho could, ho endeavoured to save labour by 
XQOan$ Of machinery, Stories are still told in the neigh* 
4x>urhood in which ho lived, of tho contrivances he adopted 
With this object in his own household, some of which were 
of an amusing character. One day a woman camo to the 
mill to got some barley ground, and was desired to sit 
down in the cottage hard by, until it was ready. With the 
first Bfcind of the mill-wheels the eiadle and ehuru at her 
>sides bdgau to rock and to churn, as if influent d by some 
supernatural agency. Ko one was in the house besides 
herself at the time, and she rushed from it, frightened 
' almost out of her wits. Such incidents ns these In ought 
an ill name on Andrew, and the neighbours declared of 
him that ho was “ no canny.” 

; He was often sent for to great distances, for llio purpose 
of retiring pumps or setting mills to rights. On one 
occasion, when ho undertook to supply a gentleman’s house 
with water, so many country mechanics had triod it before 
and failed, that tho lmthr would not believe Mcikle when 
ho told him lie would send in the water next day, Mcikle, 
however, told him to get everything icady. “It will bo 
time onougli lo get ready,” said the incredulous butler, 
“ when we see the water.” M< iklc pocket* d the affront, 
but set his machinery to woik early next morning; and 
when the butler got out of bed he found himself up to his 
knees in water, so successful!} bad the engine* r performed 
Ids promise. 

Mcikle lived to an ixtieme old age, and was cheerful to 
tho last # lfe was a capital* play * r on tho Northumbrian 
bagpipes. * Tho instrument lie played un was made by' 
frdnuBcIf, tho chanter being formed out of a door’s shaiik- 
boue. When nintty yunis old, at the family gatherings 
(OX ** Auld Hansel Monday,” his six sons and their numerous 
families danced about him to his music, lie died in 1811, 
id Jtis ninety-second year, and was buried in Trestonkirk 
chW hyard, close by Houston Mill, where a simple menu* 
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mont iH erected to his memory, hearing the following 
inscription:— 

“ Beneath this Stone arc deposited the remains of the late Andrew 
Meikle, civil engineer at Houston Mill, who died in tho year 1811, 
aged 1)2 years. Descended from a ruco of ingenious mechanics, to 
whom tho country for ages had been greatly indebted, lie steadily 
followed the example of his ancestors, and, by inventing and bring¬ 
ing to perfection a machine for separating corn from the straw 
('constructed upon the principles of velocity, and furnished with fixed 
beaters or sku tellers), romlored to tho agriculturists of Britain and 
of other nations, a more beneficial service than any hitherto fbcorded 
in tho annals of ancient or modern science.” * 


Such was tho master who first trained and disciplined 
the skill of John Ileimiu, and implanted in his mind an 
enthusiasm for mechanical excellence. Another of his 
apprentices was a mini who exercised almost as great an 
iuUueneo on tho progress of mechanics, through tho number 
of first-rate workmen whom he trained, as Kennie himself 
did in tho art of engineering. Wo allude to Peter Nichol¬ 
son, an u<! mi ml ilo mi oh.tnio and architect, author of nume¬ 
rous works on carpentry and architecture, which to this 
day are amongst the host of their kind. We now pursue 
I ho career of Andrew Moiklo’s most distinguished pupil. 


* It is remarkable that Scotch 
biography should bo altogether 
silent respecting this ingenious 
and useful workman. In the 
most elaborate nl tho Scotch bio- 
giaphical collections — that of 
Robert Chambers, in four largo 
volumes—not a \snrd occurs re¬ 
lating to Meikle. An article is 
devoted to Mickle, the translator 
of another man’s invention in the 


snape or a poem, the * nnsiad ; 
but tho mums of tho inventor of 
tin; thrashing-machine is not even 
, mentioned: affording a singular 
i illustration of the neglect which 
. this dopaitmcnt of biography has 
heretofore experienced, though it 
i has hem by men such as Meikle, 
and not by pouts, tLat k thig country 
* lms in a great measure been made 
■ what it is. 
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Rennie begins business as Mu.uvnic.iiT ani> Engineer, 

We have now soon how Ronnio was educated -at sohoo* 

* » 

'and workshop—ami how tho ingenious Andrew Meiklo was 
not tho least useful of Ins schoolmasters. 

On Ronnie’s return to Fhuntassie, after m inducting fur a 
time the burgh school at Dunbar, lu; continued to pursue 
his studies, especially in mathematics, mechanics, an<l 
natural philosophy. lie also frequented the workshop of 
his fiiend Mcikle, assisting him with his plans, and taking 
an especial interest in tin? invention of the thrashing- 
machine, which Meiklo avus at that time engaged in 
bringing to coin plot ion. lie was also entrusted to superin¬ 
tend the repairs of corn-mills in cases where Meiklo could 
not attend to them himself; uml ho was sent, on several 
occasions, to erect machinery at a considerable distance 
from l^rostonkirk. Rennie thus gained much valuable 
experience, and acquired some eon faience in his own powers. 

lie next began to underbike mill work on his own account. 
His brother George Avas already avoII known as a clever 
farmer, and the connection helped him to considerable em¬ 
ployment. Meiklo Avns also ready to recommend him in 
cases where ho could not. accept the work offered him in 
distant counties; and lience*as early as 17 H 0 , when Rennie 
was only nineteen years of age, avo find him employed in 
fitting up the new mills at Invergowrie, near Dundee. lie* 
designed tho machinery as avcII as tho buildings for its 
reception, and superintended them to their completion. 

His next work was to prepare, an estimate and design 
for the repairs of Mr. Aitoheson’s flour-mills at Ronnington, 
uear Edinburgh. Here lie employed cast-iron pinions. 



214 RENNIE BEGINS BUSINESS. CiUfc HI 

** * 

•J 

instead of the wooden trundles formerly used— one of the 
first attempts made to introduce iron into this portion pi 
tlio machinery of mills. 

These, his first essays in design, were considered very 
successful, and they brought him both money and fame. 
Business flowed in upon him, and before the end of his 
nineteenth year ho had abundant employment. But ho 
had no intention of confining himself to tlio business of a 
country millwright; for he aimed at a higher professional 
position, and a still wider field of work. Desirous, there¬ 
fore, of advancing himself in scientific culture, and prose¬ 
cuting those studies in mechanical philosophy which he had 
begun at 1’hantassie and pursued at Dunbar, ho determined 
to enter himself a student at the University of Edinburgh, 
In taking this step ho formed the resolution -by no means 
unusual amongst young men of even a humbler class—of 
supporting liiinsdf at collego entirely by his own labour. 
He was persuaded tlnl by diligence and assiduity ho would 
be onablod to earn enough during the Hummer months to 
pay for his winter’s instruction and maintenance; and hi$ „ 
habits being frugal and bis stylo of living very plain, ho 
was enabled to prosecute bis design without difficulty. 

He accordingly matriculated at Edinburgh in Nayemhor* 
1780, and entered tho classes of Dr. Kobison, Professor 
of Natural Philosophy, and of Dr. Black, Professor of 
Chemistry— both men of tho highest, distinction in their 
respective walks. lv obi son was an eminently prepossessing 
person, frank and lively in manner, full of fancy and 
humour, and, though versatilo in talent, a profound and 
vigorous thinker. His variell experience of life, and the 
thorough knowledgo which he had acquired of the prin¬ 
ciples as well as tho praclieoof the mechanical arts, proved 
of great use to him as an instructor of youth. The state 
of physical science was then at a very low ebb in this 
country, and tho labours of Continental philosophers wore 
but little known even to those who occupied tho chairs in 
our Universities; tho results of their elaborate researches 
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J conoealod in foreign languages, or Wing known, at 
jfaftjjrt, to a few inquirers more active and anient tlmn their 
follows; while the general stude*nl. mechanic, and nitiaan, 
Wero loft to draw their principal information from daily 
observation and e\pi riciicc. 

Under Dr. Kohismi the study of natural pliihesopliy 
became invested with umiMi.il significance and impel tamv. 
The Tange of his knowledge was most e\t<nsiw: he was 
familiar with the whole eiido of tlie ace urate se it nets, and 
in imparting information, hisiinde islanding seemed tow oik 
with extraordinary energy and rapidity. The labours of 
Others roso in value under his hands, and new vii ws and 
ingenious suggestions novel faihd toe.nli\cn his pndeetieus 
on mechanics, hydrodynamic s, astronomy, opt ies, cdeeti ieity, 
'and magnetism, the principles of which he unfolded to his 
pupils in language at once fluent, elegant, and pieeise. 
Lord Oockburn, in his * Memorials,’ remembers him as 
somewhat remarkable lor Iho humour in which In* indulged 
in the artielo of dress. “A pigtail so long and thin that 
it curled far down his hack, and a pair of huge blue worsted 
hoSG, without soles, and coveiing tho limbs from the luel 
to the top of the thigh, in which he hath walked and lee* 
lured, seemed rather to impm\e his wise elephantine lead 
and majestic poison.” 11c* delighted in holding familiar 
intercourse willi his pupils, whom lice lisrme d and elevated 
by his brilliant conversation and his laige and lofty vie w*s 
of life and philosophy. Ihimie was admitted to his h - 
lightful society, and to the* close* of his eaieer he* was ac- 
oustomcid te> lex>k back upon the pniod wlinh he* spe*nt at 
Edinburgh as amongst tho Miost piolitahle and instiue live.* 
in ins life! 

During his college career, I’ennii* carefully read the* woiks 
of Emerson, fchvit/e*r, jMae'hunin, He lidor, and (Jruvesandc, 
allowing neither pleasure nor society to divert him fiom 
bl$ Studies. As a relief from giave*r topics, he* h t himself 


to learn tho French and ( »t*rman languages, and w as shoi tly 
t&^bled to road both with e ase. His recreation was mostly 



2J6 


RENNIE BEGINS BUSINESS. 


Chap. Ill 


of a solitary kind, and, having a little taste for music, 
lie employed some of his leisure time in learning to play 
upon various instruments. He acquired considerable pro*' 
ticieney on the flute and the violin, and he even went so 
far as to buy a pair of bagpipes and learn to play upon 
them,—though the selection of such an instrument probably 
does not say much for his musical taste. When he left 
Edinburgh and entered seriously upon the business of life, 
the extensive nature of his engagements so completely 
occupied his time, that in a few years flute, fiddle, and 
bagpipes, were laid aside altogether. 

During the three years that he attended college our 
student was busily occupied iu the summer vacation—ex¬ 
tending from the beginning of May to the end of October 
in each ^ear—in executing mi 11 work in various parts of 
the country. Amongst the undertakings on which he was 
thus employed, may be mentioned the repair or Construction 
of the Ivirkaldy and lkumington Flour Mills, Proctor’s Mill 
at Glammis, and the Garron Foundry Mills. When not 
engaged oil distant works, his brother George’s house at 
l'hanlassie was his headquarters, where he prepared his 
«h'signs and specifications. 11e had the use of the workshop 
at I louston M ill for making such machinery as was intended 
lor erection in the neighbourhood; but when he was em¬ 
ployed at some distant point, the work was executed in 
the most convenient places ho could find lor the purpose. 
There were as yet no large manufactories in Scotland where 
machinery of an important character could be turned out 
as a whole; the millwright being under the necessity of 
sending one portion to the blacksmith, another to the 
founder, another to the brass-smith, and another to the 
carpenter—a state of things involving great deal of 
trouble, and risk of failure,—but which was eminently cal¬ 
culated to familiarize our young engineer with the details 
of every description of work required in the practice of hie 
profession. 

llis college training having ended in 1783, and being 
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desirous of acquiring Home knowledge of English en¬ 
gineering practice, Bonnie sot out on a tour through the 
manufacturing districts, Brindleys reputation attracted 
*him first towards Lancashire, for the purpose of inspect¬ 
ing'the works of the. Bridgewater Canal. 'rhere King 
no stage coaches convenient for his purpose, lie travelled 
on horseback, and in tin’s way he was enabled readily 
to diverge from his route for the purpose of visiting 
any structure more interesting than ordinary. At Lun- 
* caster he inspected the handsome bridge across the bune, 
then in course of eonstruetion by ill*. Harrison, afterwards 
more celebrated for his line work of Chester (Juol. At 
Manohestey ho examined the works of tlio Bridgewater 
Canal; and at Liverpool he visited the docks then in 
progress. 

Proceeding by easy stages to Birmingham, then the 
centre of the mechanical industry of England, and dis¬ 
tinguished for the ingenuity of its workmen and Un¬ 
importance of its manufactures in metal, lie took the oppor¬ 
tunity of visiting the illustrious Boulton ami Watt at. 
Soho. Uis friend, Dr. Bobison, had furnished him with a 
letter of introduction to .fairies Watt, who received the 
young engineer kindly and showed him < very attention; 
and a friendship then began which lasted until the close of 
Watt’s life. 

Tho condeusing-ongino had by this time been brought 
into an efficient working state, and was found capable not 
only of pumping water—almost tin* only purpose for which 
it had originally been intended —but. of driving machinery, 
though wficlhcr with advantageous results was still a 
matter of doubt. Thus, in November, 17K2, Watt wrote to 
his partner Boulton, “ There is now nr* doubt but that, fire- 
engines will d$ve mil is, hut I entertain some doubts whether 
anything is to bo got by them.” About the beginning of 
March, 1783, however, a company was formed in London 
for tho purpose of erecting a large corn-mill, to bo driven 
by one of Boulton and Watts steam-engines, and the \iork 
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wan in progross at the time that Kennio visited Soho. Wajtt 
had much conversation with his visitor on the subject, of 
corn-mill machinery, and was gratified to loam the exie&J 
and accuracy of liis information. lie scorns to have been 
provoked beyond measure by the incompetcncy of his own 
workmen. “Our millwrights,” ho wrote to his partner* 
“ have kept working, working, at the corn-mill ever since 
you went away, and it is not yet finished ; but my patience 
being exhausted, [ have told them that it must bo at an 
ond to-morrow, done or undone. There is no end of mill* 
wrights once you give them leave to set about what they 
call machinery; hero they have multiplied wheels upon 
wheels until it lias now almost as many as an ojrery.” 

Watt himself had but little knowledge of millwork, and 
stood greatly in need of some intelligent millwright to take 
charge of the fitting up of the Albion Mills. Young Kcnnie 
seemed to him to be a verj likely poison; but, with charac¬ 
teristic caution, he said nothing to him of liis intentions, 
but determined to unto privately to his friend Kobison 
upon the subject, lefjuesting particularly to know his 
opinion as to t lie young man’s (publications for taking the 
superintendence of such impoitant works. l)r. Kobison’s 
answer was decided; his opinion of Kennie’s character and 
ability was so favourable, and expressed in so confident 
a tone, that Watt no longer hesitated; and ho wrote to 
the young engineer, after ho had returned home, inviting 
him to undertake the supervision of the proposed Albion 
Mills, so far as concerned the planning and erection of the 
requisite machinery. 

Watt's invitation found lYnnio again in lull employ¬ 
ment. ITo was engaged in designing and oreoting mills 
and machinery of different kinds. Among 1 is earlier works, 
wo also find him, in 1781, when only in lxi^twenty-third 
year, occupied in superintending the building of his first 
briilgo— the forerunner of a series of structures which 
have not been surpassed in any age or country. His 
earliest bridge was erected for tho trustees of the county 
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of Mid-Lothian, across the Water of Leith, near Steven- 
Mill, about two miles west of Edinburgh. It is 



bridge on the Ediubuigh and Glasgow turnpike* 



lit nun V Jii -t lit Ipi 


Notwithstanding the extent of his engagement's, and his 
prospects pf icmuneiative tmplounmt, lien mo looked 
upon the invitation of Watt .is a favouiahlo oppoituniiy 
for enlarging his cxpiriuiue, and, after duo dililnuation, 
ho replied accepting the appointing lit. II< piouedcd, how¬ 
ever, to finish tho woiks In* It id in hand, nfti 1 xxliii h, 
taking leave of Ins friends at Pliant issu. lie s»t oni for 
Birmingham on the 10th <>f Siphnilwr, 17^1. Fit' re¬ 
mained there foi h\o months, dunng wlmh la* nijojed 
the closest^ persona 1 int< n omsc with W.dt and Hold ton, 
and was fro ly admitfr d to 1h< n winks at Nibo, which lind 
already become tho most important ot (In it kind in tho 
kingdom. 

Birmingham wis then the centre of tin miclianical 
industry of England For many omtuibs, working in 
medals had been the staph fradi of tho place. Swolds 
wtet« made there in the time of the ancient Biitons. In 
the,reign of Henry VIII., Leland found “many smythes 
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in the town that use to make knives an<l all manner of 
cutting tools, and many loriners that make bittes, and a 
groat many nailers; so that a great part of the town is 
maintained by smythes who 1 ive their iron and sca-coal 
out of Staffordshire.” 

The artisans of the place thus had the advantage of 
the training of many generations; aptitude for handicraft, 
like every other characteristic of a people, descending 
from father to son like an inheritance. There was then 
no town in England where mechanics were to be found so 
capable of satisfactorily executing original and unaccus¬ 
tomed work, nor has i he skill yet <’> ,>.n ;.*>i from them. 
Though there arc now many districts in which far more 
machinery is manufactured than in Birmingham, the 
workmen of that, place an*, still .-uipcrior to most of tiers 
in executing machinery roipiii in;/ manipulative skill and 
dexterity out of the common f'uek, and especially in 
carrying out new designs. T!,> it u pat ion of the people 
gave them an air of quickness and intelligence which was 
quite new to strangers accustomed to the quieter aspects 
of rural life. When Ilntton entered l»ii mingham. In* was 
especially struck by the vivacity of the persons ho met in 
the streets. “1 had,” lie says, “been among dreamers, 
but now 1 was among men awake. Their very step showed 
alacrity. Every man seemed to know mid prosecute bis 
own affairs.” He also adds, that nn*n vvIiom* firmer dis¬ 
position was idleness no sooner bn ailed the air of Bir- 
mingliam than diligence be<mne their eharat ieustic. 

Bonnie ilid not. stand in tied of ibis iuf etion being 
communicated to him, yet U. 1 was all the befter for his 
contact, with the population of the town, lie made him¬ 
self familiar with their pnnesses of handicraft, and, being 
able to work at the anvil himself, he could fully appre¬ 
ciate ilm skill of the Birmingham artisans. The manu¬ 
facture of steam-engines at Soho chiefly attracted his 
notice and his study. ITe had already made himself 

c *■» 

acquainted with the principles os well as the mechanical 
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details of the steam-engine, ami was ready to suggest 
improvements, in a very modest way, even to Watt him¬ 
self, who was still eugaged in perfecting his wonderful 
in vontion. 

The partners thought that they saw in him a possible 

future competitor in their hade: and in the agreement 

w hieh thev entered into w 1 h him as to the erection of the 
« 

Albion Mills. tin-' m. light. to bind him, in express terms, 
not only to abstain from interfering in any nay with tho 
construction and wml dig of ihc steam-engines retjuirid 
i->r the mills, lint to prohibit him fnuu executing such 
\\ i a lc upon his own aeeount at any future peiiod. Though 
ready to give his w-*rd of honour that he would not in an\ 
wav interfere with Watt’s patents, lie firmly' refused to 
bind hi ms* If to Midi conditions; being resolved in his 
own mind not. to be debaned fnuu malting such improve¬ 
ments in the steam-engine as experience might prove to 
l»i- desirable And mi ibis honourable understanding; the 
agreement was 'oneluded; nor did Rennie ever in anv 
way \iolate it, hut retained to the last tlu‘ friemlship and 
esteem of bolli lloulti.n ami W att,. 

On the 2-tfii of November following, after making him 
si If fully aei|uainl'-d w ith the arrangenn tils of the i ngincs 
by means of wliiih his muehineiy vas to be dri\ r en, our 
engineer svl out for London to pioceed with the designing 
ef 1 iw* inill woi k. It was also m-o wtiy that the plans of 
the building - which had be< ;i picpuied by Mr. H.iimir] 
Wyatt, an an hiteet. of reputation in his day should 
undergo revision ; and, afti >■ an lid consideration. Rennie 
made an ifuborate leporl >>i* the subject, ncommending 
various alterations, whieli weie approved by lloiilton and 
Watt, and forthwith ordered to be curried into effect. 



( 222 ) 


CHAPTER IY. 


The Albion Mills—Mr. Rennie as Engineer. 

v 

Wiilx Rennie anived in London in 1785, tlie country waj 
in a state of serious depression in consequonce of the 
unsuccessful termination of the American War. Par¬ 


liament was engage d in defraying the heavy cost of the 
recent stiugglo with the icvolted colonies. The people 
were ill at case, and grumbled at the increase of the debt 
and taxes. The unruly population of the capital could 
with difficulty bo kept in older. The police and local 
government were most inefficient. Only a few years 
before, London had, dining the Gordon riots, been for 
sovoial dajf. in the h mds of the mob, and blackened ruins 
in different paits of the city still maiked tho track of UKe, 
rioters. 

Tliough the hugest city in Europe, the population of 
London was scarcely moic than a thin] of what it is now; 
yet it w r as thought that it had become so vast as to be 
unmanageable. Its northorn threshold was at Hicks’s 
Hall, in Olei ken well. Somers Town, Camden Town, and 


Tybumia weie as jet gieen fields , and Kensington, 
Chelsea, Marylobono, and Bei mondsey were outlying vil¬ 
lages. Fields and hedgerows led to tho hills of Highgate 
and Hampstead. Tho West*End of London Vus a thinly- 
inhabited subuib. A wide tract of marshy'ground 'eat* 
tended opposite Lambeth. The westommost buildixt&’in 
Westminster was Millbank. Executions were amdficfcd 


in Tyburn fields, now known as Tybumia, down to 1783. 
Oxford Street, from Princes Stieet eastward as far a& High 
Street, St. Giles’s, had only a few houses on the north 
* 1 remember it,” says Pennant, “ a deep hollow 
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cswdy. .* 

nW#j ' * 

Mr 6f sloughs, with hero and there a ragged house, the 
l^khig-jplace of cut-throats; insomuch that I was never 
taken that way by night, in my hacknoy-couoh, to a 
WOlf^hjf uncle's who ga\o mo lodgings at his house in 
Street, but X wont in die.id the whole way." 
jBiddington was "in the country,” and tlio communion- 
jjtah with it was kept up by means of a daily stage - a 
^timbering vehicle, driven by its proprietor— which was 
H&sfrHy dragged into the city in the morning, down Gray's 
$hn X*anc, with a rest at tho Blue 1'osts, Holbom Bars, to 
give passengers an opportunity of doing their shopping. 
The morning journey was performed in two hours and a 
'hal£ £ * quick time,” and the return journey in tho evening 
about three houis. 


jBfeavy coaches still lumboTed along tlio country roads 
at little moro than four miles an hour. A new stato of 
flings had, however, been recently inaugurated by tho 
starting of the first mail-coach on Palmer’s plan, which 
£ began running between London and Biistol on the 24tli of 
, August, 1784, and tho system was slieitly extended to 
pother places. Numerous Acts were passed by Parliament 
'authorising the formation of turnpike-roads and tho erec¬ 
tion of bridges.* The general commerce of the country 
was also making progress. Tho application of lccent 
inventions in manufacturing industry gave a stimulus to 
tb© general improvement, aud this was fmtlici helpid by 
a succession of favouiablo harvests. Tho India Bill had 


just been renewed by Pitt, and trade with ' India wos 
brisk. A commercial ticaiy with Fiance was on foot, 
fh>m whieh-gre.it things weie expected, but tlio outbreak 
of'the Bo volution, which sliortly after to ok place, put an 




^In the interval between 1781 
1702, not fewer than 302 Arts 
Weed passed authorising tho ron- 
of new roads* aud bridges, 
thorising the ,’orm itiou of 
harbours, and still 



Mas 


more numoiouB Acte for carrying 
out mumures of drainage, enclo¬ 
sure, i>i\ing, and other local im¬ 
provements—a sufficient indica¬ 
tion of the industrial activity of 
the nation at tlia^ time. 


V 
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end for a iimo to those hopes of fraternity and peaceful 
trade in which it had originated. The Government boldljL 
interposed to check smuggling, and Pitt sent a regiment 
of soldiers to hum the smugglers’ boats laid up on Dear 
beach by the severity of the winter, so that the honest 
traders might have tho full benefit of the treaty with 
France which Pitt had secured. Increased trade flowed 
into the Thames, and ministers and monarch indulged in 
drawing glowing pictures of prosperity. 

When Pennant visited London in 1790, he found the 
river covered with shipping, presenting a douhlo forest of 
masts, with a narrow avenue in mid-channel. The smaller 
vessels discharged directly into the warehouses along tho 
banks of the river, whilst the India ships of large burden 
mostly lay down tho river as far as Black wall, and dis¬ 
charged into lighters, which floated up their cargoes to the 
city wharves. London as yet possessed no public docks— 
only a few private ones, open to tho river, of very limited 
extent,-- although Pennant speaks of Mr. Perry's dock and 
ship-yard at Black wall, on the eastern side of the Isle of 
Dogs, as ‘‘the greatest private dock in all Europe!” 
Another was St. Saviour’s, denominated by Pennant “the 
port of Southwark,” though it was only thirty feet wide, 
and used for discharging barges of coal, corn, and other 
•ominoditios. There was also tho Execut ion Dock at Wap- 
ping, which witnessed the occasional despatch of seagoing 
criminals, who were hanged on a gallows at low-water 
mark, and left thero until the tide flowed over their dead 
bodies. 

Among the commercial enterprises to wklvh the in¬ 
creasing speculation of the times gave birth, was tho 
erection of the Albion Mills. For tho more convenient 
transit of corn and flour, as well as to secure a plentiful 
supply of water for engine purposes, it was determined to 
erect the new mills on tho hanks of the Thames, noar the 
south-east end of Blackfriars Bridge. Hand-mills, which 
had in the first place been used for pounding wheat into 
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flour* had long Bilice been displaced by water-mills aud 
lyindmills; and now a now agency was about to bo 
employed, of greater powvr than either - the agency of 
steam. 

Fire-engines, or steam-engines, had heretofore Ixjon em¬ 
ployed almost exclusively to pump water out of mines; 
but the possibility of adapting them to the driving of 
machinery having been suggisted to the inventive mind 
Of James Watt, lie set himself at onee to the solution of 
the problem, and the result ■was the ougineg for the 
Albion Mills—the most complete and powerful which had 
boon produced by the Soho manufactory. They consisted 
of two double-acting engines, of the power of 50 hoi sen 
each, with a pressure of steam of live pounds to the 
superficial inch -the two engines, when acting together, 
working with the power of 150 horses. They drove 
twenty pairs of millstones, each four feet six inches in 
diameter, twelve of whith w'ero usually woikcd together, 
each pair grinding ten bushels of wheat per hour, by 
day and night it ncoexs,n i \. The two engines winking 
together were eap.ible of gi hiding, dies,sing, tVo., complete, 
150 bushels an hour by far the greatest peifonnaneo 
achieved by any mill at that time, and probably not since 
surpassed. 

* But the engine power was also applied to n diversity ot 
other purposes, then altogetlur imvil such as hoisting 
and lowciing the u>m and Hour, loading and unloading 
the barges, and in the process* s of farming, sifting, and 
dressing- so that the Mbion Mills e.ime to bo regarded 
as among iho greatest m<*l^mie,il wmid* is of tin* day. 
The d< rails’of tln-so \aiioii*. ingenious arrangements wen* 
entirely worked out by Mr. Rennie hi ins* If, and they 
occupied him nearly lbiu \e,us in all, lading been com 
moncod in 1784, and finished in 178,s. Mr. Watt was 
BO much satisfied with the i * suit of liis employment o 
Bennie, that ho w*olo to I)i. Robison, thanking him for 
his recommendation of his^oung lrieiul, and speaking in 

11* <3 
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Amongst those who visited the new mills ana oftmjuw.*; 
inspected them was Mr. Smeaton, the engineer, whO jg:. 
nounced them to he the most complete, in their art^pg^ 
merit and execution, which had yet boon erected m. $0$ 
country ; and though naturally an undemonstrative perstfm 
ho cordially congrutulated Mr. Kennic on his snocessj- 
'Pho completion of the Albion Mills, indeed, markeJLgn 
important stage in the history of mechanitaal 
monts; and they may be said to have effected 
revolution in millwork generally. Until then, 
had been constructed almost entirely of woodi^|wa8 
clumsy, and involved great friction and waste P\ Wm?' 
Smeaton had introduced an iron wheel at Cawon 
and afterwards in a mill at Helper, in DerbyBhit^|^e 
rough (listings, imperfectly executed, and neitn^gwgpsa 
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I to any particular form; ami Murdock (James 
ingenious assistant) )ua also employed cust-iiem 
to A limited extent n. a null wo* ted by tabu m Ajn 
^ but these weio veiy ink nor speonnenis of iron 
had exorcised no genual influence on mechanical 
exit. 

V Bennie's adoption of wiouglit- and cast lion wheels 
much gicitci impel tanu\ and was boon adopted in 
gO machmu y The whole of tho wheels uiel felniits 
_ Hm Albion Mills \uioot non, with the exception occ i 
4 m0iL&lly of tho cogs, winch who ot haul wood, winking 
Other cogs of cast non, but win re tin pinions were 
;y«ttr.small, the) lvue undo ot wiougbt non Tin teeth. 
Wooden and iron, wcic ac< match foinicd by chipping 
jbd filing to tho foim of epicycloids r llic bln Its and 
2&&GS wore of non and flu be nmgs ol bi iss, ill me match 
tfftted and adjusted, so that tiio powoi unplmcd woikcd to 
greatest advantigo and at tho 1c isl possible loss In 
^friction. The machmuv of the Albion Mills, as a whole, 
f WUsregarded as tin finest tint hul bun executed up to 
date, and ioiincd tho model fm Inline in-line is to 
Vftftk by. Although Mi, Ik mile execute d mnn splendid 
specimens of unciuiiciy m Ins iftei cucei,* ho hunseil 


•Shortly after the completion 
Of therfQ millri, Mi lit unto a as 
largely oonaultoel on tlu sublet 
of machinery ot all hi i Is I lu 
Corporations of London, I* dm 
btilghr Glasgow, Tenth and < tlu r 
places, took Lh> advici us t > floiu 
IgruMiltunsts consult d 
luib about thrashing mills unll« rs 
ahojlt grindmg-imlla, aud man u- 
faemzers and distillers re sporting 
the better arrangement ot tin ir 
Wfej&a, In July, 170^ ho w is 
Jftpon to examine tho ini'* 
dbJhoYj and arrangei icnts at the 
on Tow c r Hill T he 
the construct on ol an 


entire new mint worked by steam* 
power, with lju] re*\< cl redluig 
r lilting out nml-t imping time hi 
line, lit 1 Mi Item lew eh sip 
I he new nine him ij Win inti 
du e el I e twee n the Mire I sue Ol i 
IS to I lie iuttllll, e (it lllel stiuii] 
mg in i hims wur the invcptien 
ot the llte MiMhew lie niton 
‘s h lmt tin lime June i y was l\ 
Jbiiiie On mo e r ismn, in 
IS 10 a million of teenue lgiih w w 
tuyic 1 e ut itj t ight el i) s I J)iiriw„ 
tlu pent taker eomagi m ls>f 
tlu e i_Jit presse t turne d out ie r 
nine m mths mt lens than 217 0‘*S 
pitocb per diy, the rolling ge i ig 

Q 2 
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was accustomed to say that the Albion Mill machinery 
the father of them all. v _y 

As a commercial enterprise, the mills promised lo^ bb 
successful: they were kept constantly employed, and wetp 
likely to realise a handsome profit to their proprietors, 
when unhappily they were destroyed by fire on the. 3rd 
of March, 1791, only three years after their completion. 
Their erection had lieen viewed with great hostility by 
the trade,” and the projectors wore grossly calumniated 
on the ground that they were establishing a monopoly 
injurious to the public; which was sufficiently disproved 
by the fact that the mills were the means of considerably 
reducing the price of flour while they continued in opera¬ 
tion. The circumstances connected with the origin of the 
fire were never cleared up, and it was generally believed 
at the time that it was tlio work of an incendiary'. 

During the night when the buildings were destroyed, 
Mr. Donnie, who lived near at hand, felt unaccountably 
anxious. A presentiment as of some great calamity hung 
i >vi t him. which lie could not explain to himself or to 
others, lie went to bed at ail early hour, but could not 
sleep. Several times he went off in a doze, and suddenly 
woke up, having dreamt that the mills were bn fire I He 
rose, looked out, and all was quiet. ITe went to bed again, 
and at last fell into a profound sloe]), from which he was 
roused by the cry of “ Fire! ” under his windows, and the 
rumble of the fire-engines on their way to tlic mills! lie 
dressed hastily, rushed out, and to his dismay found his 
chef-d’oeuvre wrapt in flames which brightened the mid¬ 
night sky. The engineer wap amongst the foftfmost in his 
efforts to extinguish the conflagration; but in vain. The 
fire had made too groat progress, and the Albion Mills, 

on day and nif, lit, and the stamp- I that erected at the former place 
ing t'oi lift con Ivmrs out of ov'ery being capable of turning out 
twenty-lour. Mr. llennic also 200,000 pieces of silver in dvory 
supplied the machinery for the eight hours, 
mints at Calcutta and Bombay; 
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Bennie's pride, were Imrni completely to tin* ground, and 
were never rebuilt. 

The Albion Mills, however, established Mr. Bennie's 
reputation as a mechanical cnginur, and iutroduc(*d him 
to extensive employment. Uih practical knowledge of 
masonry and carpentry also served to point him out as a 
capable man in works of civil engineering, which were in 
thoso days usually entrusted to men bred to practical 
mechanics. 

\ There was not as yet anv special class train**! to the 
profession of engineering, and the number of persons who 
followed it was very small. Kngineers were the product of 
drcumstanccs, and of their instinct for construction; und 
this was often tho instinct of genius. Hence they won* 
mainly self-educated: Smeaton and Watt being mathe¬ 
matical instrument makers, Tel find a stonemason, and 
Brindley aud Kennio millwrights ; force of character and 
bont of genius enabling each to carve out his career in his 
own way. * 

There was very little previous practico to serve for their 
guide. W hen they Avero called upon to undertake \voike» 
of au cntiiely origiual character, and could not find an old 
road* they had to make a new one. This throw them upon 
their rcsouiecs, and compelled them to bo inventive: i( 
practised their powers and disciplined their skill, and in 
course of time the habitual encounter with difficulties 
brought fully out their chaiai ter as men, as well as their 
genius as engineers. 

When tl^o ruins of the Albion Mills laid l»con cleared 
away, Mr.,Kennio obtained fi*a\e fiom the owners to erect 
a workshop on a landing-wharf in Holland Street, a little 
below tho site of the mills, when* he afterwards curried on 
tho business of a mechanical engineer.* But from an early 
period the civil brunch of the profession oeeupied a con¬ 
siderable share of liis attention, and eventually it became 

* Ills first place of buMm^s 'vas at Old Jamaica Wharf, l'pp©r 
Ground Street, Lambeth. 
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his principal pursuit; though down to the year 
wr,-i chiefly occupied in designing and construct 
chinery for dye-works, water-works (at London Brph§|, 
amongst others), flour-mills, and rolling-mills, in drift 
which Boulton and Watt’s engine was the motive 
employed. ^'*'**' 

Among tho friends whom Mr. Rennie’s practical frhUSfy 
1 ie** attracted about this time, was tho eccontric hut in^' 
geniou^ Earl Stouliopo, who frequently visited his worki* 
to sec what was going on in tho mechanical line, 
Lmdsliipwas liiiribolf ono of tho busiest mechanical pro-fv 
jpctois of his day, and England owes him a debt of gratis • 
tude for his valuable imenlions, ono of tho most useful ’ 


of which was the printing press which bears his name.;, 
Ilo also made impel taut improvements in tho process of 
stcuotvpi piinting; in tin* construction of looks JBitofir' 
canals; and among Ids lighter dibits may bo mentioned 
the toirhi vancc of an ingenious machine for performing^ 
.u itlnnetieal opeiations. * 

Lotd Stanhope especially delighted in the society 
clevi i meehanicrt, in whose ait he took great pleasure; be** 
cause he could thoioughly understand it. He was, indeed/ 
a fiist-iate woiknian himself. His father-in-law, the^Orl- 
of Chatham, said of him, that “ Chailes Stanhope, as a C£tJ££ 
pen ter, a bhu ksmitli, or niilhvright, could in any country^ 
or in any times preserve his independence and bring up his 
family in honest and indubtiious courses, without soliciting 
tho bounty of friends or tho charity of strangers.” Lord 


Stanhope oven insisted that his children should doVote 
themselves to acquire an industrious calling, as he hims»ff 
had done,—believing that a time of publio calamity v?Ug 
approaching (arising from tho extension of French S- 
tionary ]>rineiples), which would render it ncoessAt^ lot 
every poison to depend fof their livelihood upon thefc&wjp 
poisoual labour and skill. Indeed a serious difficulty Q£V 
cuiTed between him and liis wife on this very point, Wh$h 
ended in a separation; and the story went abroad 
Earl was crazed. 
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* f^®i$ *pplioation of tho power of the steam-engine to tho 

navigation was one of tho subjects in which 
Aj^iSro 1 ^lauhopo toot a more than oidinury interest. As 
|4^rjte the year 1700 - Itcforo Fulton had applied his 
subject -he was in communication with Mr. 
3^hnie as to the Insr mode of applying this novel power* 
W 3 & in that year he took out his patent for tho propulsion 
otahipe by steam; hut his plan, though ingenious, was 
carried into practical effect.* On tho 2(»th of April, 
$#3®, we find Mr. Bennie, in a letter to the Kail, oom- 
mtthicating tho information which ho had lcquiied us to 
the cost of applying Boulton and Watt’s improved slcnm- 
eftgine to his nowly-inventod method of propelling ships 
yithout sails. 

* ItiQTd Stanhope had also* it appeared, taken objection to 
&$*8jP&0e occupied by the condensing apparatus, and wished 

know whether it could not bo dis}>ensed with, so that 
100m might be economized. To this Mr. Bennie replied 
that it could, ami that high-pressure steam might ho em¬ 
ployed if necessary ; also that the cylinders might bo used 
inclined or vertically, as best suited the space available for 
their accommodation. Jlis Lordship proceeded to perfect 
hid invention, and made a trial of its poweis in (Jreonlund 
Xftdk with a flat-bc»ttonu‘d boat constructed for tho pur¬ 
pose i hut the* vessel not moving with a velocity greater 
than three miles an hour, the plan was eventually 
abandoned. 

^Shortly after tlio retirement of Mr. Smeaton from the 
profession, about the uid of the } ear 1701, Mr. Keimic was 
Consulted respecting niimcsous important canal under¬ 
takings projected in different parts of tho country. 
Amongst them wore a proposed navigation to connect 
Cfc^fltbridgo with Bury St. Kdmiiuds - another between 
Audover and Salisbury—and a third between Beading and 


Ha adopted paddles, placed I which were made to open anl 
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Bath, which was afterwaids carried out by him as t^e 
Kennot and Avon (Janal. On this, his first work of Civil 
engineering in England, he bestowed great pains,-—On t|)t& 
survey, tho designs for the viaducts and bridges, as 
as on tho execution of the works themselves. ' . 

Tlie Kennet and Avon Canal commences at Newbury, 
at the head of the lliver Kennet Navigation, passes up the 
vale of the Kennot for IG£ miles by Hungerford to 
Crofton, where the summit level begins, which is reached 
by 31 locks, rising in all 210 feet. It then proceeds, by 
Burnslade, Woutton Hi vers, and tho valley of the Pewsey, 
to Devizes; and from Devizes by Foxhangcr, Scmington* 
Bradford, and the vale of the Avon to Bath, joining that 
river just above tlie Old Bath Bridge, where the Bristol 
navigation ieriniimtes. The total length of the canal 
is i) 7 miles, the total descent on the west side of the 
summit being 404 feet G inches, divided into 48 locks. 
Tlio Kennet is crossed several limes,—at Hungerford by a 
brick aqueduct of three arches. At the summit a tunnel 
oOO yards in extent was necessary, approached by deep,, 
cuttings. 

Tlie strata between Wootton Itivers and Devizes being 
mostly open chalk and sand, great difficulty was, ex¬ 
perienced in forming a water-tight bed for the canal, as 
well as in preventing slips of tho adjacent ground. At 
that part of tho line which lies between tho river Biss and 
Trowbridge, the works wero carried along tho face of a 
steep slippery hill. Then near Bradford tho cutting Is 
mostly through open rock, and beyond that through beds 
of tough clay interspersed with strata of fiifier’s earth. 
Tho water at these points worked serious mischief, for 
after a heavy fall of rain it would filter through the earth, 
and the weight of tho mass pressing down from above, 
tended to force out tho soft clay, causing extensive slips. 
On one occasion not less than seven acres of land slid into 
tho canal, forcing tho whole down into tho river in the 
valley below. To remedy this source of mischief, soughs 
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or small tunnels were carried into ihe hillside for a con¬ 
siderable distance, at a level much below that of the canal. 
These again were crossed by other intercepting drains, so 
numerous distinct outlets were provided for the water 
to.prevent its reaching the ennui works.-which were 
thus made to stand firm, after great difficulties had l>een 
overcome, and much expense incurred. 

Besides these works there were the usual bridges, aque¬ 
ducts, culverts, etc., all of which were executed in a sul>- 
jgtantial manner. Among the finest architectural structures 
forming part of the canal, is the aqueduct over the river 
Avon,, about a mile from Limpley Stoke and six miles 
from Bath, which is greatly admired for t-lic beauty of its 
elevation; and indeed, wherever there is an aqueduct or a 
bridge upon the line of this canal, it will ho found ex¬ 
cellent in workmanship and tasteful in design. As a 
whole, tho navigation was pronounced to be one of the 
heat executed in the kingdom; and tho works have stood 
admirably down to the present time. In a commercial and 
national point of view the undertaking was of considerable 
importance, connecting as it did tho navigation of the 
metropolis with that of Bristol and St. (leorge’s Channel, 
as well as opening up an extensive intermediate district; 
although it did not prove very remunerative to its pro¬ 
prietors. 

Another important lino of navigation, on which Mr. 
Bennie was shortly after engaged, was tho liochdalo 
Canal, projected for the purpose of opening up a direct 
water communication between the manufacturing districts 
of West Yorkshire and »Soi*th Lancashire, to avoid tho 
cirquitous route of the Leeds and Liverpool Canal. The 
main line extended from the Duke of Bridge water’s Canal 
at Manchester, by Rochdale and Tudmorden, to the river 
Oalder at Sowerby Bridge, a distance of dlj miles, with a 
branch to join the Leeds and Liverpool Canal at Wanloss, 
and other branches to Bury and Bolton. From tho rugged 
nature of the country over which the canal had to be 




Locks on the Rochdale Canal. [By Perciv&l Skelton, after his original pr&wing;} 
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A little before the traveller by railway enterg the tunnel 
near Littleborough, on his vfoy between Manthest^isj^ 
Leeds, ho can discern the canal mounting up 
sides of the hills until it is lost in the distance j 
he emerges from the tunnel at its other end, it is ag&n 
observed descending from «the hill-tops by a flight of 
down to tho level of tho railway. In crossing the 
at one place, a stupendous cutting, fifty fee* deep v hil4^ 
bo blasted through hard rock. In other plaee^c-^^e 



ROCHDALE CANAL 


m 


f along the face of the hill, it is overhung by 

Yorkshiro side, at Todmordcn, the valley grows 
and* narrower, overhung by steep, often almost 
dicular rocks of millstone-grit, with space, in many 
, £or only the water-way, the turnpike road, and the 
River Caldcr in the lx»ttom of the ravine. At some 
where space allowed, there w ere mills and uianu* 
ig establishments jealous of their n ator-supply, 
engineer had carefully to avoid. It was also 
^eoefejttry to provide against the canal being swept away 
winter’s floods of the (’abler, which rushed down 
With immense violence from Bhiekstono Edge. Largo 
y Reservoirs had to 1 > 1 * carefully contrived to store up water 
^ligninsi summer droughts, for the purposes of thenavigu- 
Ct£pn, as well as to compensate the numerous mills along the 
\ Valley below. One of these, fom teen foot deep, was dug 
fin A hog on Blackstoue Edge, and otheis, of large dimen- 
sions, were formed atvaiious points along the hi 11-route. 
But as these expedients weie of themselves insulin'ion t, 
powerful steam-engines wore also elected to pump hack 
lockage water into the canal alnve. as well as into 
$$^pOnds near tlio locks to serve for rest rvoire, and thus 
d^Uomise the supply to tin* gioatost extent. 

No more formidable difficulties, indeed, wo»c encountered 
George Stephenson, in cousti noting the railway passing 
by tunnel under the same range of hills, tJiuu wt re over¬ 
come by Mr. Rennie in carrying out the works of this 
canal mtdcitaking. The skill and judgment with 
which ho planned them rofhottd flu* greatest credit on 
their designer; and whoever examines the works ut this 
r-f—oven after all tliat lias hem aecoinplislicd in canal 
an# tailway eugineciing — will admir that tho mark of a 
meter’s hand is unmistakably ^tamped upon them. Thu 
ligation was completed and opened on the 21st of 
bor, 1804 ; and we need scarcely add that it pioved 
iCpse service to the trade of Yoikshire and I.anca- 
S * 1 
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shire,—bringing important manufacturing districts^nitp, 
easy and economical connection with each other,enafeling* 
cheap fuel to be brought to the doors of the populati(Bf o| 
the valleys along which it passed, placing them in direct 
communication with the markets of Manchester and Livei^ 
pool, and, through the latter port, opening up a water xoad 
to the world at largo. 



[.une Aqueduct, nenr Lancaster, By iVitlval Skelton, after his original DrawitgtJ 


Tho Lancaster Canal was another enterprise conducted 
by Mr. Rennie in the same neighbourhood. *A navigable 
communication between the coal-fields near Wigan and the 
lime districts about Lancaster, Burton, and Kendal/ con¬ 
necting these towns also with tho intervening country as 
well as with Liverpool^ Manchester, and tho towns of 
South Lancashire, had long been regarded as an object 
of importance. A survey had been made by Mr. Brindley 
as early as 1772, but nothing further was dono until some 
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t^nty years later, when a company was formed, with 
&&v Eennie as engineer. The line surveyed hy him oom— 
qtenccs heal’ Wigan, and proceeds northward by (Uiurloy, 
and Garstang, to Lancaster, where, skirting the 
diit Bide of the town, and crossing the Lime hy a noble 
aqueduct, it then passes by Ilaugbbridgo to its northern 
terminus at Kendal; the total length of tlu* main lino 
being 75f miles, and the branches two miles more. The 
aqueduct over the Lunc is the principal architectural work 
^on the canal, consisting of live semicircular arches of 73 
feet span each; the soflits being 60 feet, and the surface of 
the banal 62 feet above the average level of the river. The 
total length of tho aqueduct—which forms a prominent, 
feature in the landscape—is (K)0 feet. The whole is built 
of hard sandstone, the masonry living in imitation of rock- 
work, tho top surmounted hy a handsome Doric, cornice and 
balustrade. It exhibits, in line combination, tlie important 
qtfcdities of strength, durability, and elegance in design; 
and oven at this day it will bear a favourable comparison 
with the best works of its kind in the kingdom. 

. Mr, ltcnnio continued throughout his life to ho ex¬ 
tensively consulted as a canal engineer.* Though naviga- 


* The following canal works of Thames ami Medway (IK00); and 
Mr. Rennie may he mentioned :— Him 1 Lea Nu\igulinn (lsul). 
The Aberdeen and Immune, 12 Among the works sunoyed hy 
miles long, laid out and constructed him, but which were not carried 
bjt him in 17'.K>-7; the Odder out, were these: a cumd through 
Keservoirs and improvement of tlie Weald of Kent (lJ$02-!>)* u 
the Trent and Mersey Omul at , ship-canal lx-tweeu the Thames 
ltudyard Vnlley, near Le< k, ; and Portsmouth (1S0IJ); a sliip- 
1797-8; ft bmncli of the Grand 1 canal between tho Medway and 
Trunk CanaJ to Henley, wit !i a* Portsmouth (islO); a ship-canal 
railway connecting it with the ■ fiom Cliiehester Ikuhour to <'lii- 
manufactories. Ho also made cluster (JS01); and a ship-omul 
elaborate reporta on the Leomiu- from Ihi^tol to the Knglish 
ster Canal (1798); on tho Cbelnu.r | Channel (1811). He wuh alsoom- 
and Blackwater Navigation; So- played by the Gloucester and 
mersetehire and Dorsetshire Canal: Berkeley Canal Company, tlm 
Hpmcastlo Navigation; Niter Birmingham Canal Company.and 
Navigation; Pol brook Omul . tho Leeds and Liverjsml Cuuul 
Botlierhitheand Croydon; } Company, tie their consulting eu 
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tions were then mostly valued for purposes of intetiQf^’ 
munication, he seems early to have appreciated the^iT 
the railway, if not as a substitute for them, at least,] 
adjunct. Thus, when laying out a new branch '$fj 
Grand Trunk Canal at Henley, in the Potteries, he 
mended the addition of a short descending railway, 
neeting the navigation directly with the manufactories 
Burslom. Referring to this method of communieAtioha,- 
observed that tho railroad “ would form a quick and c) 
mode of carrying goods. Indeed,” he added, M Idb'|^ 
know a cheaper or better, and, in my opinion, it mighty, 
substituted with groat advantage for the branch Gankin 
question. I have therefore to submit whether, as a (jfefc 
woithy of tlje consideration of the proprietors, this branch 
might not be saved, and a lailioad substituted in its 
place.” This report was written, lie it observed, early hi 
1797, long before rail loads bad been introduced ; and th$ 
suggestion affords striking evidence of Mr. Rome’s 
sagacity in si) eaily ih Acting and appr< eiating tho advan¬ 
tages of this new method of communication. ^ 

In 1802 Mr. Humic was lequosfed to examine the woi^pf? 
of tho lioy.il Canal of Jieland. The origin of this prc$j^< 
was curious. Tho Grand Canal had already boon forijajijft 
to connect tho navigation of tho Liffoy with that of thte 
Shannon near Banaghcr; and though enormous blunders 
had marred its consti notion, and its cost had consequently 
boon excessive, the traffic upon it was so great as neVt^** 
thelcss to render it exceedingly profitable to its proprietor. 

Tho managing committee consisted for tho most part^ol 
persons of high rank, but qmongst them whs a retired 
shoomaker, w r ho laid invested a very large sum in the 
undertaking, and made himself exceedingly busy instil 
concerns. Olfencc seems to have been taken alt this person? 
and his meddling in various matters, without authority, 
caused a rupture between" him and tho other member of 


fjineer; and \minus important 
Huprov ementb in tliei»e navigations 


were carried out 
and under liis stu 
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U&xaimtte^. They thwarted him at every turn, out* 
snublxxl him, ami “ neiit him to Coventry.” 
revenge, tlio shoemaker threw up his seat at the 
and, on parting with liicolleagues, said to them, 
J&ay think me a very insignificant perwm, but I will 
^ how you the oonLaiy. I w ill sell out forthwith, start 
rival Canal, and carry all the traffic,” Tlio threat was, of 
.<9&rS6, treated with contempt, and tho shoemaker was 
^Ughtifi out of the board-room. 

/ But the indignant mail sot to work with energy, got up 
a Company, laid down a line of navigation from Dublin to 
tfyu. Shannon near Longford, pausing by Mullingar; he 
* sj^ptirod the support of the landod gentry through whose 
property tho line passed, and eventually succeeded in 
ob^dning an Act of Parliament authorising tlio construc¬ 
tion of tho Royal Canal of Ireland. Tlio works weie 
begun with great eclat; but, before they had proceed* d 
it was found that tlio levels woio entirely wiong, and 
tft&O were numerous difficulties to lie overcome, for which 
ho provision had been made. 

Then it was that Mr. Rennie was called in, and found 
the whole concern in confusion; the works at a standstill 
in many places, in l>ogs, in cuttings, in embankments, and 
in limestone rocks, and tho propiidors involved in almost 
ondless claims for compensation. Ho found it neeessaiy to 
resurvoy the whole lino and to alter the plans in man) 
Oti&ential respects; alter which tin* works proceeded. It 
proved to be a work of an evtiaoidin.iry character as re¬ 
garded tho difficulties, mostly unneeossaiy, which had 
been encountered in its construction; as 11 spooled tlm 
beneficial results to tho proprietor, it proved an almost 
total failure. 

The shoemaker, no doubt, had Ins revenge upon bis 
former associates, inflicting gie.it injury upon tin* Grand 
by tho diversion of mm ft of its traffic; but ho ao- 
iplishcd this at a terrible sacrifice to many, and at the 
host* total loss of his own fortune. 
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Mu. Rennie’s Drainage of the Lincoln and Cambridge ; 

Fens. 

♦ 

Notwithstanding all tliai liad been done for the drainage 
of the Fens, as described in the early part of this work, 
large districts of rcclaiinable lands in Lincoln still lay 
waste and unprofitable. As early as 1789, Mr. Rennie’s 
attention was drawn to the drowned state of the rich low- 
1 yini; lands to the south of Ely. He then recommended 
the application of Watt’s steam-engine to pump the water 
out of the Bottcshaw and Soliam Fens, which contained 
about five thousand acres of what was commonly called 
“rotten land.” But the Fen men would not have tlie 
steam-engine. They wire too much prejudiced in favour 
of drainage by windmills, as practised in Holland. It 
was not until many years after, that his recommendation 
was adopted and the steam-engine was employed to pump 
the water from tlio low-lying swamps which could not 
otherwise ho cleared. The results were so successful, 
that the same agency became generally employed for 
the purpose, not only in England but in Holland itself, 

where the fortv-live thousand acres of Itaarlemer Meer 

« 

have since been effectually drained by the application of 
the steam-engine. 

One of the most important works of thorough drainage 
carried out hy Mr. Ronnie, was in that extensive district of 
South Lincolnshire which extends along the south vorga 
of the Wolds, from near tho city of Lincoln eastward to 
the sea. It included Wihlmore Fen, West Fen, and East 
Fen, and comprised about seventy-five thousand acres of 
land vvliich lay under water fur the greater part of each 
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year, and was thus comparatively useless eitlfer for grassing 
or tillage. The only crop grown in tlio fens was tall 
TOCds, which were used as thatch for houses and barns, and 
even, for churches. 

The m »r Wit ham, -which flows by Lincoln, had been 
grievously neglected and allowed to become silted up,—its 
bottom being in many places considerably alwvc the level 
of the land on either side, lienee, bursting of the banks 
frequently occurred during floods, causing extensive 
>inundation of the lower levels,—only a small proportion 
of the flood-waters being able to force their way to the 
sea. 

The wretched state of the land may l>e inferred from 
the fact that, about seventy years since, a thousand acres 
in Blankney Fon, constituting part of “ the Dales ”—now 
one of tho most fertile parts of the district between Lin- 
ooin and Tattersliall—wore let annually by public auction 
at Horncastlo, and the reserved bid was only 10/. for the 
entire area I * It is stated that, about the middle of lust 
century, there were not two houses in the whole parish of 
Dogdyke communicable with each other during the winter, 
except by boat; this being also the only means by which 
the Fen-slodgers could get to church. Hall, the Fen Poet, 
.speaks of £outh Kyino, where he was Ijorn, as a district in 
which, during the winter season, nothing was to be seen— 

“ But naked flood for miles and miles.” 

The entire breadth of Lincolnshire north of Boston oftoL 
lay under water for months together :— 

u Twixt Frith bank and the wold Hide bouud, 

1 question one dry inch of ground. 

From Lincoln all tho way to Bourne, 

Had all tho tops of banks been one, 

I reaUy think they all would not 
Have made a twenty acre spot." 

* ‘ Journal of Boyal Agricultural Society,* 1847, vol. viii. p. 124. 

B 
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Until as rcccflt a (lato as forty years back, the rlc 
fcitilo district of Waldersea, about eight thousand 
in extent, was, as its name imports, a sea in 
Well might Roger Wildrako describe his paternal 
of “ iSqu.it tlesea Meio w as being in the “moist county of 
Lincoln!” * 

Arthur Young visited this distiict in 1793, and ffrungl 
the fi celloldors of the high lands adjoining \\ ildmore and 
West Fens depasturing their sheep on tho drier patfs 
dining tho smunicr months; but large numbers of 
weic (lying of the lot. “ Nor is this,” ho adds, “ the 
evil; im the numbei stolen is incredible. They are t&kei) 
off by w In tie flocks, us so wild a countiy (whole acres being 
envoi od with thistles and nettles four feet high and moroj^ 
muses up a laeo of people as wild as the fen.” The fevV 
wieteliul inhabitants who eontiived to live in the neigh^ 
Ixmrhood for the most pait sheltered themselves in hftts of 
lushes or lived in boats. They were constantly liable to 
1)0 (1 liven out of tlieii f.ibius by the waters in wintor, Jif 
they oontiivud to suivive tho attacks of tho ague to which 
they were p< i emiiully subject.* 

The East Fen was tho woist of all. It was formerly ft 
most desolate region, though it now piosents probably the' 
i idlest gia/nig land in tho kingdom. Being on a lower 
h vel than the West and Wildmoio Fenb. and the natural 
coni sc of the wafeis to the sea being thiough it to Weift* 


* A w litei in an old number of tho 
‘ ITin venial Magazine ’ (published 
m 177 .?) desci ibes a cons ersation 
with a eadaieioiis-loohmg raau 
whom lie cncouiitered m the Fens, 
and condoled w ith on his foiloin 
and meagie appeal mice. Tho 
man npnnod, that ho had ne\er 
boon Inittoi since ho had bimed 
tho iiist ol his nine wives. “ Nino 
w i\ es \ es. miio wn es !" w us 
the lepl v- Tho man explained 
that tin Fen nu n weie accustomed 


I to seek tin ir whes in the upland 
1 countiy. selecting those who had 
a littlo money; and as living in 
tho Fens was certain death,. to 
| straugeis duiing the fever pqb- 
j son, many of tho Fen men thus 
coutmcd to accumulate a jpod 
deal of monoy. But the Fen dtp* 
tncts have long since ceased to 
possess this peculiar adv$atftgfa. 
tor they are now as healthy OS loo 
upland districts themselvftk * 



the East m. 
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.V0o t it was in a much more drowned state than 
Jo the westward. About two thousand ueics were 
it&tly under water, summer and winter. One portion 
| WAS called Mulberry or Crania. 11 } Fen, from tho 
quantities of cianberriestiit produced. A great 
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part of tho remainder of tho EaRt Fen consisted of shaking 
bog 1 , SO treacherous and so deep in many plates that only a 
d^jpgrate huntsman would ventijro to follow tho fox when 
h? took to it, and then he must needs bo well acquainted 
WitJStho ground. 

were in this state when Sir Joseph Banks, then 

r 2 
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President of the Royal Society, endeavoured to Stirupthe 
landowners to undertake the drainage of the district; He 
was the proprietor of a good estate at Reveshy, near Tat- 
tershall; and his mansion of Abbot’s Lodge, standing op 
an elevated spot, overfooked the East and West Fens, Oi 
which it commanded an extensive view. Sir Joseph spent 
a portion of every year at Revesby, as he did at his other 
mansions, leaving each at special times appointed before 
hand, almost with the regularity of clockwork. He was a 
popular and well-known man, jolly and good-humoured, 
full of public spirit, and, though a philosopher, not above 
taking part in the sports aud festivities of the neighbour¬ 
hood in which he resided. While Sir Joseph lived at 
Revesby lie used to keep almost open house, and a constant 
succession of visitors came and went—some on pleasure, 
some on friendship, and some on business. 

The profuse hospitality of the place was enjoyed not 
less by the postilions ami grooms who drovo thither the 
baronet's guests, than by the visitors themselves; and it, 
was esteemed by the hotel postboys a great privilege to 
drive a customer to Reveshy. On one occasion, when Mr. 
Rennie went to dine and sleep at tho Lodge, he took an 
opportunity of saying to the principal butler that he hoped 
he would see to his postboy being kept sober, as he wished 
to leave before breakfast on tho following morning. The 
butler replied, with great gravity, that ho was sorry he 
could not oblige Mr. Rennie, as the same man had loft 
Revesby sober the last time lie was there, hut only on con¬ 
dition that ho might bo allowed to get drunk the next 
time he came. “ Therefore*” said the butler, “ for the 
honour of the house, I must keep my word; but I will 
take care that you are not delayed for the want of 
horses and a postboy.” The butler was as good as his 
word: the man got drunk, the honour of Revesby was 
saved, and Mr. Rennio was enabled to set off in due time 
next morning. 

From an early period Sir Joseph Banks entertained the 
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design of carrying out tlio drainage of the extensive feu 
lands lying spread out beneath his hall window, and 
mating them, if possible, a source of profit to the owners, 
a§y$l} as of greater comfort and bettor subsistence for tho 
population. Indeed, the reclamation of these unhealthy 
wastes became quite a hobby with him; and when he could 
lay hold of any agricultural improver, ho would not let 
him go until ho had dragged him through tho Fens, ex¬ 
hibited what they were, and demonstrated what fertile 
lftnds they might bo made. When Arthur Young visited 
Revesby about 1700, Sir Joseph immediately started liis 
favourite topic. “ Ho had tho goodness/’ says Young, in 
his Report on Lincolnshire, “ to order a boat, and accom¬ 
panied mo into tho heart of East Fen, which had tho 
appearance of a chain of lakes, bordered by great crops of 
reed.” 


Sir Joseph was a man of great public spirit ami deter¬ 
mination : ho did not allow tho matter to sleep, but pro¬ 
ceeded to organize tho ways and means of carrying his 
design into effect. His county neighbours wore very slow 
to act, hut they gradually became infected by his examplo, 
and his irresistible energy carried them along with him. 
The first step taken was to call meetings of tho proprietors 
in the several districts adjoining the drowned and 41 rotten 
lands.” Thoso of Wildniuro Fen met at Ilorncastle on tho 
27th of August, 1791), and resolutions were adopted autho¬ 
rizing the employment of Mr. Rennie to investigate tho 
subject and report to a future meeting. 

One reason, amongst others, which weighed with Sir 
Joseph Banks in pressing on the measure wus the scarcity 
of corn, which about that time had risen almost to a famine 
price. Thoro was also great difficulty in obtaining supplies 
from abroad, in consequence of the war which was then 
raging. Sir Joseph entertained the patriotic opinion that 
the host way of providing for the exigency was to extend 
the area of our English food-ground by the reclamation 
of the 'waste lands; and hence his determination to place 
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under tillage, if possible, the thousands of acr6$ ,ofrp!h 
soil, equal to the area of some English counties, 
water almost at his own door. A few years’ zealous ernKpHtT 
aided by the skill of the engineer, produced such restij$ g?« 
amply to justify his anticipations, and proved his 
to be as wise as his patriotism was beneficent. 

The manner in which Mr. Rennie proceeded to work ouj 
the problem presented to him, was thoroughly characterlsSc 
of the man. Most of tho drainage attempted before hts 
time was of a very partial and inefficient character. 
was enough if the drainers got lid of tho surplus watbt 
anyhow, either by turning it into tho nearest river* Or 
sending it in upon a neighbour. What was done in one 
season was usually undone in tho next. The ordinary 
drainer did not rare to look beyond tho land immediately 
under his own eyes. Mr. Rennie’s practice, on the d0n- 
tiary, was founded on a largo and comprehensive vie^Af 
the subject. Ho was not bounded by tho range of M 
vision, but took into account iho whole contour of „ we 
oountiy. Uo h.ul to consider tho rainfall of the districts 


through which his drains were to 1 un, as well as that^f 
the central counties of England, whose' waters flowed do$rU 
upon the Fens; tho requirements of the lands themselves 
as regarded tlieir h ri gat ion and navigation; and, finMjy, 
tho most effectual method not only of removing the Waters 
from particular parts, hut of providing for their effectual 
discharge by proper outfalls into the sea. 

\\ hat was tho problem now to be solved by our engineer? 
It was how best to cairy out to sea the surplus waters of a 
district extending from tlit eastern coast to almost the 
centre of England. Various streams descending frojp. the 
Lincolnshire wolds flowed through tho h vcl, whilst tho 


'NVirham brought down the rainfall not only of the districts 
to tho north and east of Lincoln, hut of a large part Of.the 
central counties of Rutland and Leicester. It was* there¬ 
fore, necess.uy to provide for tho clear passage of these 
watcis, and also to get lid of the drainage of tho Fens 
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Saves, a considerable extent of which lay l)cneath the 
v !e1ft4 of the sea at high water. 

eft*ly occurred to Air. Kcnnio that, as the waters of 
‘ Jjjjgjf interior for the most part came fioni a higher level, 
discharge might be prowded for by moans of distinct 
t _ .B, and prevented from at all mingling with those of 
‘flpjfcwcr lying lands. But would it bo possible to “ catch ” 
,i|ose high land waters before tlieir descent upon the Fens, 
.and then to carry them out to sea by means of independent 
channels? He thought it would; and with this leading 
- i$aa in his mind he proceeded to design his plan of a gloat 
•» M Catch-water drain,” extending along the southern edge of 
the Lincolnshire wolds. 

’* But there were also the waters of the Fens themselves 
:ito he got rid of, and how was this to be accomplished- 
^To ascertain the actual levels of the diowned lands, and 
the depth to which it would bo necessary to carry the out- 
fttfl of his drainb into tlio sea, ho made two surveys of tht 
district—tholiist in October J 700, and tho second in March 
1800—thus obseii ing the actual condition of flic lands both 
beforo and after the winters id ins. At the same time lie 
took levels down to the soa ontfdlls of the existing drains 
and rivers. Ilo observed that the Wash, into which tho 
Fen waters ran, was shallow and full of shifting sands and 
gilt. *Ilo saw that, dm ing winter, the ii\eis were loaded 
with alluvial mattei lu Id in suspension, and th.it, at a 
Certain distance from tlieii mouths, the foico of the inland 
fresh and the tidalsea wateis neuliali/od cadi otlier; and 
that there a soit of stagnant point was foimed, at wliich 
the alluvituu was no longt^ held in suspense by the foico 
of tho current. lienee it lx tame precipitated in the chan¬ 
nels of tho livers, and formed banks or bars in tho Wash 
ptitgide tlieir mouths, which pioied alike obstiuctivc to 
,ge and navigation. 

£ required but little examination to detect the utter 
uaoy of the existing outfalls to admit of fhc disehaige 
.c surplus waters of so extensive a distiict. The few 
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Jiuioes which had been provided had been badly designed - 
and imperfectly constructed. The levels of, the outfalls 
were too high, and the gowts and sluices too narrow, to 
accommodate the drainage in flood-times. These outfellu' 
wore also liablo, in dry summers, to becomo choked Up by 
the silt settling in the Washes; and when a heavy rain fell* 
down came the waters from the high lands' of tho interior, 
and, unable to find an outlet, they burst the defensive 
banks of tho rivers, and an amount of mischief was thus, 
done which the drainage of all tho succeeding summer 
failed to repair. 

Accordingly, the next essential part of Mr. BennieV 
scheme was tho provision of moro effectual outfalls; with 
which object ho designed that they should be cut down to 
tho lowest possible level of low water, whilst he arranged 
that at tho points of outlet they should bo mounted with 
strong sluices, opening outwards; so that, whilst the fresh 
waters should bo allowed freely to escape, the sea should 
bo valved back and prevented flowing in upon the land. 
Tho third and last point was to provide for the drainage 
of tho Fen districts themselves by means of proper outs 
and conduits for tho voidance of tho Fen waters. 

Such were tlio general'conclusions formed by Mr. Kehnio 
after a careful eonsideration of tho circumstances of the case, 
which ho embodied in his report to tho Wildmoro Fen pro¬ 
prietors * as the result of liis investigations. The two great 
features of his plan, it will bo observed, were: (1) his inter¬ 
cepting or catchwator drains, and (2) his cutting down the 
outfalls to lower levels than had ever before been proposed. 
Simple though his system appears, now that its efficacy has 
been so amply proved by experience, it was regarded at.the 
time as a valuable discovery in tho practice of r ‘en-draining. 
and indeed it was nothing less. 

There were, however, plenty of detractors, who alleged 
that it was nothing of the kind. Any boy, they said, who 


* Report, dated the 7th of April, 1800- 
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has played at dirt-pies in a gutter, knows that if yon make 
an opening sufficiently low to let the whole contained water 
escape, it will flow away. It was the story of Columbus 
and the egg over again. It was quite true; and yet no one 
had ever proposed or attempted Kennie's plan ; and it cost 
him many years of arguing, illustration, and enforcement, 
before he could induce the Fen-drainers of other districts 
to adopt tho same simple but thoroughly scientific method 
by which he had effectually drained the Lincolnshire Fens. 
And erven to this duv there are whole districts in which tho 
Stubborn obstinacy of ignorant obstructives still continues 
to stand in tho way of its introduction. The Wihlmoro 
Fen proprietors, however, had tho advantage of being led 
by a sagacious, clear-seeing man in Sir Joseph Banks, who 
cordially supported the adoption of tho plan with all tho 
weight of his influence, and Mr. Bennie was eventually 
empowered to carry it into execution. 

In laying out tlie works, ho divided them according to 
their levels, placing Wild more and West Fen in one plan, 
and Fast Fen in another. In draining the former, the 
outlet was mado by Anton’s (lowt, about two miles and 
a half above Boston, and by Maud Foster, a little below 
that town. But both of these, l>eing found too narrow and 
shallow, were considerably oularged and deepened, and 
provided with double sluices and lifting gates: one set 
pointing towards the William, in order to keep out the 
tides and river-floods; the other to the land, in order to 
prevent tho water in summer from draining too low, and 
thereby hindering navigation aN well as the duo irrigation 
of the Binds. * An extensive main drain was also cut through 
tho Wildmore and West Fens to tho river Wit ham, about 
twonty-one miles long and from eighteen to thirty feet 
wide, the bottom being an inclined plane fulling six inches 
in the mile. 4 

The level of tho East Fen being considerably lower than 
that of the Fens to the westward, it was necessary to pro¬ 
vide for its separate drainage, but on precisely the same 
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principles. From the levels which were taken, it ap 
that the bottom of “ the Deeps,” which formed pan 
East Fen, was only two feet six inches above the 
Maud Foster Sluice, thirteen miles distant; wherea^ 
highest parts were but eight feet above the saxne 
giving a fall of ouly an inch and eight-tenths per 
low water of neap tides. From some of the more < 
parts of the same Fen, sixtecu miles from the outfall, th$jf© 
would only have beon a fall of five-tenths of an inch'pM" 
mile at low water. It was clear, therefore, that evOit the 
higher levels of tho East Fen could not he effectually 
drained by the outfall at Anton’s Gowt or Mfhd Fostpf ; 
and hence arose tho necessity for cutting an entirely sepa¬ 
rate main drain, with an outfall at a point in the Wash 
outside the month of the river Wit ham.* ’ 

This east main cut, called the Ilobliolc Drain, is about 
eighteen miles long and forty feet wide, diminishing in 
breadth according to its distance fjom tho outfall; th$ 
Imttoni being an inclined plane falling four inches in the 
mile towards the sluice at Ilobholo in tho Wash. This 
diain is an immense work, defeiuhd by broad and lofty 
embankments extending inland fiom its mouth, to prevent 
the contained waters flooding tlio surrounding lands. It 
is protected at its sea outlet by a strong sluice, eonsistifig 
of three openings of fifteen feet each. When the tide rises, 
tlio gates, acting like a valve, are forced back and her¬ 
metically closed; and when it falls, tho drainage waters, 
which have in tho mean time aecumularod, force open $he 
gates again, and the wateis flow into the sea down the 
lev el of low water. A connection was also formed between 
the main drains emptying themselves at Maud Foster (three 
miles higher up the Witham) and tlio Ilobhole DraiiS^tjle 
flow being regulated by a gaugo; so that, during heavy 
floods, not only the low land waters of the East*Fell dis¬ 
tricts wero effectually discharged at Ilobhole, but'S|$6 k a 


* See the Map in vol. i. of tlio “ Fens as Drained in 1830;** jk 
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*ble portion of the drainage of tho West and Wild* 
fens. 

^essential part of the scheme was tho cutting of the 
iter diains, which wore carried quito round tho base 
jj^hjghlands shii ting tho Fens; beginning with a six* 
fctom, and widening out towards their embouchures 
m feet. The principal work of this kind commenced 
1 Stlckney, and wascanied eastward towaids \\ ninileot, 
iltilav the Steepiugs river. It was connected at Oowbridge 
jdth.the main Ilobliolo Diain, into which tho high land 
"'^Srs brought down by the oatchwater drain wero thus 
Ie4» without having been allowed, until leaching that 
it, to mix with the Fen diainago at all. 
would be tedious to describe the wmks more in detail; 
mr . r tjaerhaps tho outline we have given, aided by the maps 
«jif the district, will enablo the reader to understand tho 
fading features of Mr. Bennie’s comprehensive design. 
xphQ works wero necessarily of a very formidable character, 
extent of tho main and aiteiial drains cut duiing tho 
fSOTOn or eight years they were under exeention being 
“tpjvards of a bundled miles. Tljey often dragged for want 
^f fhnds, and encountered consider.! bio opposition in their 
Progress; though tho wisdom of tho project was in all 
;re$pCcts amply justified hy tho lesult.* 



•■The following letter, written 
by a Ifincolnshuc gentkman, in 
45utaary, 1807, apptarn in tho 
c Fft*pM>rs Magazine’ of Fdnuaiy 
flutt year {j—“ Our lino chain ago 
Wr&rtfiT begin now to show tin m« 
and in the end will do 
credit to Mr. Kenme, tho 
as being tho most coin¬ 
s’ drainage that ever was iu.tde 
lino^lnenire, and perhaps in 
I havo been a com mi s- 
i>lh many drainages, but the 
tutors never would suifer us 
money sufficient to dig 
gh through the old en-, 


closuics into tho sea before; and, 
notwithstanding tho excellency of 
Mr. Bennie's plan, wo have a 
1 unity of umntoinied people, headed 
hv a little ]i.u sou and magistrate, 
who ht< ppubln-hing letteism tho 
newspapers to stop tho work, and 
hav e actually jietitioned Sir Joseph 
Banks, tho lord of tho manor, 
agonist it; but ho answored them 
with a loftisal, m a most excellent 
way. ... 1 tlunk Mr. Bennie’s 
great work will promote another 
general improvement here, which 
is, to deepen and enlarge the nver 
Witham trom the sea, through 
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When the drainage of Wildmore and West Fens. was 

finished, forty' thousand acres of valuable land were cdaci- 
pletely reclaimed, and in a few years yielded heavy cnj$& 
of grain. East Fen was attacked the last, the difficulties' 
presented by its formidable chain of lakes being by much 
the greatest; but the prizo also was by far the richest!. 
When the East Fen waters were drained off, the loose black 
mud settled down into fertile soil. Boats, fish, and mid¬ 
fowl disappeared, and the plough took their place. After 
being pared and burnt, the land in the East Fen yielded 
two and even three crops of oats in succession, of not less 
than ten quarters to the acre. \ 

The cost of executing the drainage had no doubt been 
very great, amounting to about 580,000/, iu all, inclusive 
of expenditure on roads; &c.; against which had to be set 
the value of the lands reclaimed: In 1814 Mr. Anthony 
Bower, surveyor and valuer, estimated their improvod 
rental at 110,5(31/.; and allowing live per cent, on the 
capital expended on the works, we thus find the increased 
net value of the drained lands to be not less than 81,000/. 
per annum, which, at thirty years’ purchase, gives a total 
increased valuo of nearly two millions and a half sterling! * 
It was a matter of great regret to Mr. Itennie that his . 


Boston and Lincoln to the Trent, 
so as to admit of a communication 
for largo vessels, as well as laying 
tho water so much below the sur¬ 
face of tho land as to do away with 

Laud reclaimed in the East Ken ., 

„ „ West Fen .. 

„ „ Wildmore.. 

Adjoining low Linda Improv'd 

Total acrcugp of improved and 
drained lauds.. .. 

Less capital expended on drainage . 
n „ roods, &c. 


the engines. We have got ftn es¬ 
timate, and find the cost may be 
about 100,000?.” 

* Mr. Bower’s estimate was as 


follows:— 

12,664 acres worth 4Os. per ann. £25,328 

y.044 

50s- „ 42 610 

10,773 

42s. „ 22,623 

20,000 „ 

204. „ 20,000 

60,481 

Annu.-i value £110,061 


£580,705 at 5 per cent, . 


Which at 30 years' purchase gives £2,445,780. 




THE RIVER WITHAM. 


*Ch& V* ' 


258 


» b 

* * 

Was not carried out as respected the improved outfall 
of the Witham. It was an important part of his original 
plan that a new and direct channel should l»o cut for this 
river from Boston down to deep water at Clay hole, where 
the tide ebbed out to the main sea level, and there was 
little probability of the depth being materially interfered 
with by silting for many years to como. This new channel 
would have enabled all the wafers—low land as well as 
highland —to he discharged into the sea with the greatest 
$ase and certainty. It would also have completely restored 
the navigation of tho river, which had ljcoomo almost 
entirely lost through tho silting up of its old winding 
channel. 

But tho river Witham was under the jurisdiction of the 
corporation of Boston, who were staggered by tho esti¬ 
mated cost of executing tho proposed works, though it 
amounted to only 50,000/. Accordingly, nothing was done 
to carry out this part of tho design, and tho channel con¬ 
tinued to get gradually worse, until at length it was 
scarcely possible even for small coasters to reach Boston 
Quay. As late as the year 182G tho water was so low that 
little boys were accustomed to amuse themselves by wailing 
across the river below the town even at high water of 
neap tides. Tho corporation were at last compelled to 
bestir themselves to remedy this deplorable state of affairs, 
and they called in Sir John ltennie to advise* them in their 
emergency. The result. waR, that as much of tho ori¬ 
ginal plan of 1800 * was carried out as the state of tlieir 


I 


• In bis ad&irable Report dated• same time greatly increaso the 
the 6th October, 1800, Mr. Bennie depth, and cnablo a large area of 
pointed out that tho lines of di- saluable laud to lie reclaimed for 
rection in which the risers Wei- agricultural purposes. This Bug- 
land and Witham entered tho goation has since been elaborated 
Wash tended to the ailtmg-up of by Sir John Bennie, whose plan 
the channels of both, and he Mig- of #1837, when fully carried out, 
gested that the two riser outh Is ssill base the effect of greatly im- 
shonld be united in one, and di- prosing the outfalls of nil the 
verted into the oentre of the Wash, risers entering the great Wash— 
at Clay hole, which would at the the Ouse, tho Nene, the Welland, 
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funds would permit: the lower part of the c!taim$f 
straightened, and tho lesult was precisely that wl " 
engineer had more than thirty yeais before antidi] 

The tide returned to the town, the shoals were rex 
and vessels drawing from twelve to fourteen feet 
could again come up to Boston Quay at spring tides./ 'jQLjl 
Mr. Bonnie was equally successful in carrying 
drainage woiks in other parts of tho Fens, 
same simple but compiehenbivo principles.* Ha' 
drained llie low lands of Gicat Steeping, Thorpe, 
fleet All Saints, Foisby, and tho districts thereabout, 
verting tho Steopiugs nvor into a catehwater drain, pjgL 
eflectuallv reclaiming a largo acreage of highly valuable 
land. Ho was also consulted as to tho better dr$UJM0& 
of tho North Level, tho Middlo Level, South Holland 
tho Groat Bedford Level; and his valuable reports, oEr 
these subjects, though not carried out at the time, for w it* 
of means, or of public spirit on the pait of tho landoMrn&s^ 
laid tho foundations of a com so of impi ovoment whj^h 
gono on until tho present day. It is much to bo rogretf 
that his plan of 1810, for the drainage of the Gre^ 
Level, by means of moio effectual outfalls and a systenfc 



and the Witham—amltbedraraago 
ot tho low level lands depending 
upon them, compusmg above a 
jiulhon ol acie'i, and ultimately 
gaming from the Wash between 
150,000 and 200,000 acies of nch 
aow land, or equal to the area of 
a good-si/cd county. In the Wash 
of the None, called Sutton Wash, 
4000 acres have already been re¬ 
claimed after this plan—the land, 
fonneily washed by tho tea at 
evoiy tide, I emg now covered with 
rich coin-liolds and domtortable 
fannsttads It was at this pc*nt 
tlmt King John’s aimy was nearly 
destio)od ah*u eioRsmg the sands 
before the advancing tide. 

* Among other mipoitant works 



of the same kind executed _ 
Rennie, but which it woi 
tedious to disciibe in dots 
the lcclamation (in 1807) of % 
am s ot tcitile land in the ~ 
ot Iloldenu^s, near Hull, 
was extensively employed fo 
bank lands exposed to the $ea,1 
I, buceeoded (in 1812) in effects 
protecting the thirty mUeC 
coast extending from Walr rf J 
Boston, and them o to the; 
ot the nvors W< Hand and 
Two yeais later (in 181^) 
like manner, furnished a 
which was carried out, tot' 
tec ting the Earl of 
valuable marsh land on the* 
shore of the Solway Frith. ^ 
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lug oatohwater drains, was not canied out; for 
ivory reason to believe that it would have proved 
etely successful as his drainage uf the Fens of 
lire. Tho only part of his scheme that was 
was tho E«m Brink Cut, for tho purpose of so- 
g a more effectual outfall of tho river Ouse into the 
TOtii near King’s Lynn. 

}■ The necessity for this woik will l»o moio clearly under¬ 
stood when we explain the circumbtanoes under which its 
detraction was lecommcnded. It will bo obsoi ved from 
the „)£aap of tho Fen district (vol. i. p. d2), th.it tho river 
Onflows into tho shallow's of tho Wash near tho town 
-fcmg’s Lynn, whero it is charged with tho waters 
^ Great Bedford Level as well as of Huntingdon, 

^Bedfojpd, and Cambridge, and of tho high lauds of tho 
Western parts of Norfolk and Suffolk. Immediately above 
Bynii, tho old river made an extensivo bend of about five 
hules in extent, to a point callod Gorman’s Bridge. This 
channel was of vmry in egular breadth, and full of great 


‘Shxld beds which wore constantly shifting. In some places 
it was as much as a mile in width, and divided into small 
pfo yap iRj which vaiied according as tho tidal or tho fresh 
Waters were, for tho time being, most powerful. During 
tho How of tho liver was no much obstructed that 
th<* outers could not possibly get away out to sea during 
thp ebb, so that at tho next ribo of tho tide they were 
forced back into the interior, and thus caused serious 
inundations in tho burrounding country. 


„ Much good land which had formerly been productive, 
had become * greatly deteriorated, or was apparently lobt 
foy agricultural purposes. Some districts wore so con¬ 
stantly flooded, and others were so wot, that they were 
rapidly returning to their original btato of reeds and sedge. 
1^. the neighbourhood of Downhnm Eau, tho liarvest-mcn 
wera in certain seasons, obliged to stand upon a platform 
tb V&fcp their com, which was carried to and from tho drier 
|M^| in boats; and some of the farmers, in like manner 
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rowed through tlieir orchards in order to gather the fruit 
from the trees. A large portion of Littleport Fen, in the 
South Level, was let at a shilling an acre, and, in the 
summer-time, cattle were turned in amongst the reed and 
“ turf-bass,” and were not seen again for weeks, Jut 
Marshland Fen, the soil was so soft that wooden shoes, or 
flat boards, were nailed on the horses’ feet over the iron 
ones, to prevent them from sinking into the soil. 

The fresh waters were in this way penned up within 
the land to the extent of about seven feet ; and over an 
extensive plain, such as the lied lord Level, where a few 
inches of fall makes all the difference between land drained 
and land drowned, it is clear how seriously this obstruc¬ 
tion of the Ouse outfall must have perilled the agricul¬ 
tural operations of the district. Until, therefore, this 
great impediment to the drainage of the Level could bo 
removed, it was clear that no inland works could ho of 
any permanent advantage. The remedy which Mr. Bennie 
proposed was, to cut off the great bend in the Ouse by 
making a direct new channel from Etiu Think, near the 
mouth of Marshland Drain, to a point in the river a little 
above the town of Lynn, as shown in the plan on the 
opposite page. The cut was to he about three miles in 
length, and of sufficiently capacious dimensions to contain 
the whole body of the river. By thus shortening tlio lino 
of the stream, Mr. Bennie calculated that the channel would 
be kept clear of silt by tlie greater velocity of the current, 
and that the fresh waters would at tin* same time be able 
to force their way out to sea without difficulty. 

An Act was accordingly obtained, enabling the Eau 
Brink to he cut; but several years passed before any steps 
were taken to carry ou.. the works. They were not actually 
begun until the year 1817, when Air. Bennie was formally 
appointed the chief engineer. After about four years’ 
labour the cut was finished and opened, and its immediate 
effect, was to give great relief to the whole of the district 
watered by the Ouse. An extra fall of not less than five 
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feet atid a half was obtained at St.. (Vennan’s, by which 
th^ surface of the waters thiuughout the whole of the 
Middle and South levels was reduced in proportion. Thus 


the pressure on all the hanks along the rivers of the Level 
Was greatly relieved, whilst inundations were prevented, 
and the sluices provided for the evacuation of the inland 
waters were enabled effectually to discharge themselves. 


By labours as these au immense value has been 



given to otherwise worthless swamps and wastes. The 
skill of the engineer lias enabled tlm Foil farmers to labour 
with ever-increasing profit, and to < njoy tlm fruits of their 
industry in'comparative health and comfort, h o wonder 


that they love the land which has been won bv toil so 
protracted and so brave. Vnpictmvsfpio though the Fens 
may bo to eyes accustomed to the undulating and hill 
country of the western districts of England, they never¬ 
theless possess a humble beauty of their own, especially to 
eyes familiar to them from childhood. The long rows of 
pollards, with an occasional windmill, stretching along 


II. 


s 
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tins horizon as in a Dutch landscape—the wide extended 
flats of dark peaty soil, intersected by dykes and drains, 
with here and there a green tract covered with sleek 
cattle—have an air of vastness, and even grandeur, which 
is sometimes very striking. To this we may add, that the 
churches of the district, built on sites which were formerly 
so many oases in the watery desert, loom up in the dis¬ 
tance like landmarks, and are often of remarkable beauty 
of outline. 

It, lias been said of Mr. Rennie that he was the greatest 
“slayer of dragons” that ever lived,—this title being 
given in the Fens to persons who, by skill and industry, 
have perfected works of drainage, and thereby removed 
the causes of sickness and disease, typified in ancient times 
as dragons or destroyers.* In this sense, certainly, Mr. 
Rennie is entitled, perhaps more than any other man, to 
this remarkable appellation. 

* TIi<'in|>son\) 1 History of Dos ton,’ 
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CHAPTER VI. 

Mn. Rknnik’s 11hiih;ks. 

■The bridges erected by our engineer arc am; ngst f)i6 
finest of his works, and sufficient of them selves h> slump 
him as one of the greatest masters of his pr«doss'on. Wo 
have already given a representation of his first bridge, 
erected over the Water of Leith, near Edinburgh, i bo fore¬ 
runner of a series of similar structures unrivalled for 
solidity and strength, contrived with an elogance some¬ 
times ornate, hut for the most part of severe and massive 
simplicity. 

Unlike some of his contemporaries, Mr. Rennie did not 
profess a disregard for theory; for he held that true prac¬ 
tice could only he based on true theory. Taken in the 
sense of mere speculative guessing, however ingenious, he 
would have nothing to do with it; but as matter of infer¬ 
ence and demonstration from fixed principles, he held by 
theory as his sheet-anchor. 11 is teacher. Professor Robison, 
had not failed to impress 14)011 him its trim usi>s in tho 
pursuit of science and art; and lie never found reason to 
regret tho fidelity with, which he carried out bis instruc¬ 
tions in practice. 

In the yc.nr 179.J, Mr. Rennie had the advantage of 
much close personal intercourse with his old friend the 
Professor, who paid him a visit at his house in London, 
for tho express purpose of conferring with him upon 
mechanical subjects. In the letter announcing the object 
of his visit, Dr. Robison candidly avowed that it was in 
order “ that he might extract as much information from 
him as possible.” Tlie Doctor had undertaken to prepare 

8 2 
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the articleB on Mechanics for the third edition of the 
‘ Encyclopedia Britamiica,’ and lie believed ho ehqtild. be 
enabled to impart an additional value to his writings by 
throwing upon them the light of Eennie’s strong praQtical 
judgment. lie proposed to take a lodging in the imme¬ 
diate neighbourhood of Eennie’s house, then in G-rdat 
Surrey Eoad, and to board with him during the day; but 
Bennie would not listen to this proposal, and insisted on 
being the Professor’s entertainer during the period of his 
visit. 


One of the points which he particularly desired to dis¬ 
cuss with Mr. Bennie was the theory of the equilibrium of 
arches— a subject at that time very imperfectly under¬ 
stood, but which the young engineer had studied with his 
usual energy and success. He had clearly proved that tho 
proper proportion and depth of the key-stone to that of 
the extrudes (or exterior curve) should be in proportion to 


the size and form of the areli and the materials of w'hich it 


was composed; and ho had also established the ratio in 
which the arch-stones should increase from the key-stono 
to the piers or abutments. 

lip to this time there had been no rules laid down for 
the guidance of the engineer or architect,—wlio worked 
very mueh in the dark as to principles; and it was often a 
matter entirely of chance whether a bridge stood or fell 
whiui the centres were removed. According to tho views 
of Hutton and Attwood, tho weight upon the haunches 
ami abutments, to put tho areli in a state of equilibrium 
so that it should stand, was unlimited ; whereas Mr. 
Bennie established the limit to which iho countervailing 
force or weight on the extrudes should be confined. Hence 
he adopted the practice of introducing a flat inverted 
arch between the extrados of each two adjoining arches, 
^at the same time increasing the width of the abutment,) 
- -the radii of the voussorrs or arcli-stones being continued 
completely through them. And in order to diminish the 
masonry, the lower or foundation course was inclined also, 
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^tfrua combining the work more completely together, and 
enabling it better to resist tin* lateral tlmist. 

- Dr. Robison had much discussion with Mr. Rennie on 
these and many other points, and the information he 
attained was shortly after worked up into numerous ori- 
• gilial contributions of great value; a liongst, w hiol i mav 
be ^mentioned his artieles in the ‘ Frcyclopodia ’ <>n the 
Arch, Carpentry. Roof, Waterworks. Resistance of Fluids, 
and Running of Rivers*—on all of which, subjects Mr. 
>Kei>nic had communicated to him much original informa¬ 
tion* It may readily be imagined that the evenings 
devoted by l>r. Robison to conversation and discussion on 
such topics at Rennie’s house wort* of interest, and advan¬ 
tage to both; and when tho Doctor returned to his Edin¬ 
burgh labours, ho carried with him tlm cordial si flirt ion 
and respect of the engineer, who continued to keep up a 
correspondence with him until the close of his life. 

In the early part of his career Mr. Rennie was called 
upon to furnish designs of many bridges, principally in 
Scotland, which, however, wen* not. carried out, in must 
cases because the requisite funds could not he raised to 
build them. Thus, in 171»\ lie designed one of eight, east- 
iron arches to span the river Dun at Aberdeen. Four 
years later he was called Upon to furnish further designs, 
when ho supplied three several plans, two of granite 
bridges; but, the structures were, of too costly a character, 
and the people* of Aberdeen did not entry them out. 

The first important, bridge which Mr. Rennie was au¬ 
thorised to execute was that across the, Tweed at Kelso, 
audit afforded a very favourable specimen of his skill as 
an architect. It was designed in 17!W and opened in 


* Dr. Robison wan the lirst con¬ 
tributor to tho ‘ Encyclopedia ’ 
who really a man »f .wi< nee, 
and whose articles were above the 
rank of mere compilation.*,. II.) 
Bought information from all quar¬ 


ters— sea rein <1 tho works of foreign 
waiters, and consulted men of 
prar-tiruleminence,such as Rennie, 
to whom lie eotild obtain access — 
and In-ncc an extraordinary \ul le 
wu» impacted to bis articles. 
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1803. Tt consists of five semi-elliptical arches of 72 feet 
span, each rising 28 foot, and lour piers each 12 feet thick, 
with a level roadway 23 feet. 0 inches wide Ijetween the 
parapets, and 29 feet atiovo the ordinary surface of the 
river. The foundations were securely laid upon the solid 
rock in the bed of the Tweed, by moans of coffer-dams, 
and beneath the deepest part of the river. The piers and 
abutments were ornamented with three-quarter columnar 



pilasters of the Human Doric order, surmo’m-tod by a plain 
block cornice and balustrade of the same character. The 
whole of the masonry was plain rustic coursed work, and 
: n style and execution ih was regarded as one of the most 
handsome and effective structures of its kiiul. 

The lvelso Bridge may almost ho said to have formed 





CiUP. VI 


MUSSELBURGH BKIlMJii. 


the commencement of a new era of bridge-building in this 
countn*. The semi-elliptical arches, the columnar pilasters 
on the piers, the balustrade, and the level roadway, are 
the same as in Waterloo Bridge, except as regards size and 
character; so that Kelso Bridge, may be regarded as the 
model of the greater work. Wo believe it was one of 
the first bridges in this country constructed with a /civ/ 
roadway. 






Mnwllmrgb flridgt'. f I'y h. M. W ir», aJtfr .1 Jhmvmg l»y T. S Smilfsi 

• 

Some of the old-fashioned bridges were excessively steep, 
and to get across them was like climbing over the roof of 
a house. There was a heavy pull on one side and a eoi- 
responding descent, on the other, 'flic old bridge across 
the Esk at Musselburgh, foimmg part of the high road 
between Edinburgh and London, was of this precipitous 
character. It was superseded by a handsome and sub- 
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stantlal biidgef, with an almost level roadway, &ffei a 
design by Kennic. When the engineer was taking the 
work off the hands of the contractor, one of the magis¬ 
trates of the town, who was present, asked a countryman 
who was passing at the time with his cart how he lped 
the new brig? “Brig!” said the man, “it’s nae brig 
ava J ye neither ken whan ye’re on’t, nor whan ye*r$ 
ofFt!” 

Mr. Rennie’s boldness in design grew with experience, 
and when consulted as to a bridge near I’axton, over the 
Whitadder (a rapid stream in Berwickshire), ho proposed, 
in lieu of the old structure, which had been carried away 
by a flood, a new me of a single arch of 150 feet span ; but 
unhappily the road trustees could not find the requisite 
means for carrying it into effect. 

Another abortive but grand design was proposed by him 
iii 1801. Re had been requested by the Secretary of State 
for Ireland to examine the road through Isorth Wales to 
Holyhead, with the objer.t of improving the communica¬ 
tion with Ireland, which was thou in a wretched state. 
The connection of the opposite shores of the Mouai Strait 
by means of a bridge was considered an indispensable part 
of any improvement of that route,; and Mr. Rennio pro- 
jiosed to accomplish this object, by a single great arch of 
cast iron 450 feet in span,—the height of its sollit or crown 
to he 150 feet above high water at spring tides.* A similar 

* The grout arch of 150 feet was 1 approaches «iw 2f>8,500f. The 
to bo supported oil two stone 1 point at which the bridge was 
piers, each 75 foot thick, the recount ioikIim l to be thrown across 
springing to bo 100 feet about j ns, either opposite Tnys-y-Moch 
high water There were to be , island, on which one of the main 
arches of stone on the Caernarvon ' piers would rest, er at the Swilly 
side to the distance of about 150 , rocks, about 8o f< yards to- -thp 
yards, and, on the Angleseu side ! eastward; but, ou the whole, he 
to the distance of about 281 yards; j preferred the latter site. He Mao 
making the total length of tho j sent in a subsequent design, 
bridge, exclusive of the wing J showing an iron arch on each «de 
walls, about 010 yards. Thocsti- of the main one of 350 feet spftOf 
mated cost of the whole work and j in lieu of masonry, with other 
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feet span, having its crown 100 feet, aliovo the 
same level, was also proposed by him for the crossing of 
Conway Perry. 

y t #'|Jeso bridges were to bo manufactured after a plan 
itiv&hted by Mr. LViinie in J7JH, and communicated by 
lilto to l)r. Hutton in 171*4; ■ ml lie was strongly satisfied 
Of itfe superiority" to all utii. that had boon proposed. 
Tlio designs were alike bold and skilful, and it is to Ikj 
regretted tliat they wen; not earned out; for their solidity 
yrould not only lane proved sufficient for the purposes of a 
roadway, but probably also of a locomotive railway. In 
that case, however, wo should have been deprived of tho 
after-display of engineering ability in bodging the straits 
at Menai and the ferry at- Conway, Rennie's plans were, 
however, thought far too daring, and the expense ol 
executing iliem far too great. Tho whole subject was 
therefore allowed In sleep lor many years, until evt ntually 
Telford spanned both these straits with suspension road 
bridges, and Robert Stephenson afterwards with tubular 
railway bridges, at a total cost of about a million sterling. 

The first, bridge constructed by Mr. hVnnio in England, 
and tho earliest of his cast-iron bridges, was that erected 
by him over the \\ itham, in the town of Huston, Lincoln¬ 
shire, in 180d. It consists of a single arch of iron ribs, 
forming the segment of a eircle, the chord of which is 
80 feet. It is simple vet elegant in design; its flatness 
and width contributing to render it most convenient for 
the purpose for which it was intended that of aceommo- 


laodilicatiorin, l»y which the di¬ 
mensions of the main piers were 
reduced, and the estimate some¬ 
what lessened. Other plans were 
prepared and submitted, embody¬ 
ing somewhat similar views, the 
prominent idea in all of them 
being the spanning of tho strict 
by ' great cast-iron arch, the 


crown of which was to be 150 
feet above the sui at high water. 
The pliuiH and evidence on tho 
siib|ret are to be found set forth 
in the ‘ Reports from Committees 
of ^lie House of Commons on 
Jbillhead Roads’ (1810 *22), or* 
do red to bo printed 25th July, 
1822 . 




Mr, Rennie’s reputation as an engineer having become 
well established by works of this class, he was, during the 
remainder of his professional career, extensively consulted 
on this branch of construction; * and many solid memo- 


« 

* Among his minor works may Spalding (1810); the granite 
be mentioned the bridge over the bridge of tlireo arches at New 
(dream which issues out ot Vir- Galloway, on the line of the 
gin in "Water and crosses the Great Dumfries and l’ortpatrick Raid 
Western ltoud (erected in 1805); (1811); a bridge of live arches 
Darlastnn Bridge across the Trent, across the Cree at Newton Stewart 
in Staffordshire (1805); ^hc lira- (1812); the cast-iron bridge over 
her and iron bridge over thees- tho Goomtce nt Lucknow, ■erected 
tuary of the Welland at Fossdyko after his designs in 1814, and 
Wash, about nine miles below frequently referred to in th$jnili* 
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ri&jsof his skill in bridge-work are to be found in different 
parts of the kingdom. But the finest of the buildings of 
this character which were erected by him are unquestion¬ 
ably those which adorn the metropolis itself. 

The project of erecting a new bridge to connect the 
Strand, near Somerset House, with the Surrey side of the 
Thames at Lanibetli, was started by a Bridge Company 
in l809—a year distinguished for tho nrevalonoe of one 
of those joint-stock fevers which perio- ‘cully seizo tho 
moneyed classes of this country. The first plan considered 
was the production of Mr. (1 cor go Dodds, a well-known 
engineer of the time. Tho managing committee were not 
satisfied with tho design, and referred it to Mr. llennio and 
Mr. Jessop for their opinion. It was found to bo for tho 
most part a oopy of M. Pcyr on net's celebrated bridge of 

tary operations for tho relief of! though obscured by tho clouds 
that city a few years ago; Well- ! which drifted across her lace, 
iugton *Briilg«, o\er the Aire, at i Mr. ltennio went out nt that lato 
Leeds (1817); Islewortli Bridge hour to look ut the bridge works, 
(1819); a bridge of three elliptical and oven to try whether ho might 
torches of 75 feci span each, at , not reach the other side by cruss- 
Bridgoof Earn, Perthshire (1819); ing tho timber platform by means 
Cramond Bridge, of eight semi- of which the works were being 
circular arches of 50 feet span, j carried on. There was a gang- 
with tho roadway 42 feet nbo\o way of only two plnuks from pier 
the river(1819); and Ken Bridge, ; to pier on tho eastern side, and 
New Galloway, of live stone ' this he safely crossed. The 
arches, the centre 90 feet span ' torrent was still raging furiously 
(1820). An adventuro of sonic : beneath, shaking the frail timbers 
peril attended Mr. Rennie’s erec- j of the scaffolding. As Mr. ltennio 
tion of tho bridge at Newton ■ was about to place his foot on tho 
Stewart. JIo happened to viidt plank which led to the third pier, 
the works on <ftie occasion during his son observed tho framework 
a heavy Hood, which swept down ‘tremble, and pulled his father 
the volley with great fury; and buck, just in time to see the whole 
the passage of the ferry was thus : swept into the stream with a tre- 
complctely interrupted. Mr. i im unions crash. Fortunately the 
Bennie and his eon (the present j plunking still stood across which 
Sir John) were consequently i they had passed, and they suc- 
unable to cross over to Newton j creeled in retracing their stops 
Stewart, About 11 p.m. the vio- , in safety. Tho bridge was 
Icpee pf the storm had somcw r hat . finished and opened during the 
abated, and the moon came out, 1 summer of 18l l. 
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Neuilly, ■with modifications rendered necessary Ijjp i 
feronco of situation and tho greater width of the i 
be spanned. It showed a bridge of nine arches of 1$£L 
span: cacli being a compound curve, tho interior an 
and the face or exterior a segment of a circle, as 'ftf ( $ 
bridge at Neuilly.* The reporting engineers pointad^p^t 
various objections to the design, as well as to the ; j$3U|& 
proposed for founding tho piers. The result was, that £o 


* In their roport on this design, 
*r. It cunio anil his colleague ob¬ 
served:—“We should, not have 
thought it necessary to quote the 
production ot n foreign country 
for the sake of showing the prac¬ 
ticability of constructing arches of 
130 feet span, had wo not been 
led to it by flic < xuct similarity of 
the designs, and by the principle 
which therein adopted of the 
compound curve; because our own 
counti} affords exam pies of gu liter 
boldness m the eoustiuction of 
aiehes than that of Neuilly. 
There is a budge over tho river 
Tuff, in the county of Glamorgan, 
of upwards of 135 feet span, with 
a rise not exceeding 32 loot, and 
vvliut is moie remarkable is, that 
the depth of tho aich-stonen is 
only 30 inches; so that in fact 
that luidge far exceeds in boldness 
of design that of Neuilly.” [See 
tho Memoir of William Edwards 
at p. 73.] After some observ ations 
as to thcimpoitancc and necessity 
oi making a bridge in such a* 
situation at tho bend of the river, 
with as large arches as possible, 
to accommodate tho navigation 
and present as little obstruction 
uh possible to the n&e and fajl of 
tho wiitoi, they pioecoded:—“ Wo 
confess wo do not wholly approve 
of M. Peyi on net’s construction ns 
adapted for the intended situation. 


It is complicated in its form* 
we think, wanting in effect. .The 
equilibrium of the arches has n^t 
been sufficiently attended to t for 
when the centres of the bridge 
at Neuilly were struok, the, top of 
tiie arches sank to a degree far 
beyond anything that has oomo to 
our knowledge, whilst the haun¬ 
ches retired or rose up, so that the 
bridge as it now stands is very 
diffi rent in foim from what it was 
originally designed. No stioh 
change of shapo took place in the 
bridge over the Tatf (Fonty* 
Prydd); the sinking after the'cen* 
tris were struck did not amount 
to one-half of that gt Neuilly, 
although tho one was design#! 
and built under the direction of 
the first engineer of France. With¬ 
out regard to expense, Whilst the 
other was designed and built by a 
country mason with parsimonious 
economy. Our opinion therefore 
is, that the aiehes of the bridge 
o\ or the Thames should eitherhe 
plain ellipses, without the slanting 
off m tho haunches so as fcfde¬ 
ceive the e>e by an apparent flat¬ 
ness which docs not in. ffttljty 
exist, or they should he §£ 
segment of a circle formed^ii^feUch 
a manner os to give theriwwdte 
room for the passage of thsm&^nt - 
and barges under it." *' 
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Steps were takon to carry out Mr. Dodd’s plan; 
ra&i^ben the Act authorising the construction of the 
been obtained, the committee again applied to 
,&^K^nnie; and on this occasion they requested him to 
K *£|ripw'thom with the design for a suitable structure. 11 

Sp 6rst stop wliich he took was to j)repare an entirely 
'^jp^L chart of the river and the adjacent shores, after a 
O&rQful and accurate survey made hy Mr. Fraiicis Giles. 
In preparing, his plan, ho kept in view the anhitecturul 
elegance of tho structure as well as its utility; and while 
ho'designed it so as to enhance tho beauty of the fine river 
front of Somerset House, hy contriving that the face of tho 
northern abutment should be on a lino w itli its noble ter- 
rftfee, he laid out tho roadway so that it should be as nearly 
Upon a level with tho great thoiougliiaro of the Strand as 
possible—tho rise from that street to the summit on the 
bridge being only 1 in 250, or about two feet in all. Two 
designs were prepared--onoof seven equal niches, the other 
of nine; and the latter being finally approved by tlio com¬ 
mittee as the less costly, it was ordered to be can led into 
'effect, 

HiO structure, as executed, is an elegant and substantial 
bridge of nine arches of 120 foot span, with piers 20 feet 
thick» the arches being plain semi-ellipses, with tlieir soffits 
or crowns 30 feet above high-water of ordinary spiing tides. 
Over the points of each pier aie placed two three-quarter 
Doric column pilasters, after the design of tho temple of 
Scgesta in Sicily. Those pilasters are 5 feet bi inches 
diameter at tho base, and 4 ft ot 4 inches at the under sido 
of the capital, forming recesses in the roadway 17 foot wide 
and o feet deep. The depth of the arch-stones at tho crown 
is 4 fofet 6 inches, and they increase regularly to 10 feet at 


i June, 1810, w# find him c\jknnes; but on no account were 
the direction o f tne now any of his people to have to do 
A 1 1000Z. a-year for himself with the payment or receipt of 
Biahts, or 11.1«. a-day and moneys. 

**/ 
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the haunches. Between each .pair of arches, at the level of 
19 feet above the springing, there is an inverted arch, the 
stones of which are 4 feet six inches deep at the crotfn, 
and decrease regularly on each side as they 
unite and abut against the extrados orbacks 
of the voussoirs of the main haunches. Hie 
abutments are 40 feet in thickness at the 
base, and decrease to 30 feet at the spring¬ 
ing. The cope of the arches <and piers is 
surmounted by a Grecian Doric block-comice 
and entablature, upon which is placed a balus¬ 
trade parapet 5 feet high. The total width 
of the bridge from outside to outside of‘the 
parapets is 45 feet. The footpaths on each 
side are 7 feet wide, and the roadway for 
carriages 28 feet. There were originally four 
sots of landing stairs—two to each abutment ; 
and the arrangement of this part of the work 
has been much admired, on account of its 
convenience, as-well as because of itB archi¬ 
tectural elegance. 

In the construction of this bridge there 
are four features of distinctive importance 
to be noted:—1st. Tho employment of ooffer- 
dams in founding piers in a great tidal river 
—an altogether now use of that engineering. 
expedient, though now become customary. 
2nd. Tho ingenious method employed for 
constructing, floating, and fixing the centres; 
since followed by other engineers in works 
of like magnitude. 3rd. The introduction 
and working of granite stone to an extent 
beforo unknown, and in muoh larger and 
more substantial pieces of masonry than 
had previously been practised. 4th? The adoption of 
elliptical stone arches of an unusual width, though after- 
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Section of 
Waterloo Bridge. 
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wards greatly surpassed by tlie same engineer in bis New 


; Afr.Rennie invariably took tlie greatest pains in securing 
£B$ most solid foundations possible for all his structures, 
and e&peoially of his river works, laying them far bolow 
the Scour of the river, at a depth beyond all probable roach 
of injury from that causo. The practice adopted in founding 
the piers of the early bridges across the Thames was to 
dredge the bottom to a level surface, and build the founda¬ 
tions on the bed of tlio river, protecting them outside by 
rubble, by starlings, or by sheet-piling. Mr. Dodds liad 
proposed to follow the method employed by Labolyo at 
Westminster Bridge, of founding the piers by means of 
caissons; but Mr. Rennie insisted on the total insufficiency 
of this plan, and that the most effectual method was by 
means of coffer-dams. This would, no doubt, be more costly 
in the first instance, but vastly more secure; and he foresaw 
that tho inevitable removal of the piers of Old London 
Bridge, by increasing the current of tho river, would 
severely test the foundations of all the bridges higher up 
the stream—which proved to be the case. Having already 
extensively employed coffer-dams in getting in tlie founda¬ 
tions of the London and East India Dock walls, he had no 
doubt as to tlieir success in this case; and they were adopted 
accordingly.* 


* Tho coffer-dams in which tho ground, well caulked, so as to he 
foundations of the abutments wore . water-tight, and all connected 
built, were formed by driving two firmly together by strong wrought 
row's of piles 13 by inches each, iron bars and bolts, besides shores 
with a oounter.or abutting pile at and intermediate braces Tho 
eve'ty 12 feet 12 by 12, driven in spaces between the two rows of 
the form of an ellipsis, and piles were then rammed dose witli 
strongly cemented together, at , well-tempered clay, so that they 
low-water and high-water levels, formed as it were, a solid vat or 
by double horizontal walings or tub impermeable to water; and 
bracks, having a space of about b within these, when pimped clear 
inches clear between them for the of Water, the excavation was made 
intermediate or half piles. The to the proper depth, and in tho 
whole were driven close together 1 space 60 (lag out the building 
from 15 to 2Q feet deep into the operations proceeded. The coffer- 
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Mr. Bennie albo introduced a practice of aoifya 
and importance in the centering upon which the 1 



«. t-—-5 

Centering ot Arch, Waterloo Bridge [After t Blorc ] 

ft 

tlie bridge wero built. IIo adopted the braced principle. 
Tho centres spanning the whole width of the arch were 


dams for the piers wero formed m proper depth, and the foundations 
a similar minuet, with modifei- wore commenced from a level Brte 
♦ions oeeoidiug to encumstauces feet at least below low*water 
Bv 1 his means tho bed of tlio ii\ er, mark Tho foundations fthefe 
\shero tho pins woe to be cr< cted, rested upon timber pdas fj$na 20 
was exposed and dug out to the to 22 feet long, ebrttep |ntc the 
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oomp&dcl of csghfc ribs each, formed in one piece, resting 
Hp 04 the same number of solid wedges, supported by 
inclined tressels placed upon longitudinal bearers, firmly 
fixed to the offset of the, piers and abutments. At the 
'intersecting point of iho bearers or braces in each lib thorn 
was a oast-iron box, with two holes or openings in it,* so 
th4t^the butt-ends rested firmly against the metal; and to 
prevent them from acting like so many wedges to tear the 
rib to pieces when the vortical weight of the aich began to 
act upon*them, piocos of hard wood were drivon firmly into 
the holes above described, to check the effect of the beaieib 
Or struts of the ribs; and this arrangement proved com¬ 
pletely successful. The eight ribs were firmly connected 
together by braces and ties, so as to form one compact 
frame, and the curve or form of the arch was accurately 
adjusted by means of transverbo timbers, 12 inches wide 
and 6 inches thick, laid across tho whole of the ribs, set 
out to the exact form of the curve by ordinates fiom the 
main or longitudinal axis of the ellipsis; and in proportion 
as the voussoirs or arcli-stones weie carried up fioin the 
adjoining piers, the weight which had been l«ud ujkhi the 
top* of tho centre to keep it in equilibrium nccoidiug to 
the form of tho aich during construction, was gradual I \ 
removed as it advanced towards completion. When the 
arch was about two-thirds completed, a small portion of it 
was closed with tho centro, and tho remaining part of each 
side was brought forward regulaily by offsets to tin* crown 
until the whole was finished. Each key-stone was aceu- 
-rately fitted to its respective place, and the last portion of 
eaoh, for tho space of about gighteon inches, was driven 


solid bed of the river. Upon the 
heads of those piles half-timber 
. planking was spiked, and on this 
the solid masonnr was built— 
every stone beiiig fitted, mortared, 
and Mdd With studious aoonzany 

It* 


and prec.aion. Tho whole woik 
was clone with such solidity that, 
aftcS the lapse of fifty years, the 
foundations nave not yielded by a 
straw's } readth at any point 
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home by a heavy wooden ram or pile-engine, so as almost 
to raise the crown of the arck from the centre. 

About ten days after the main arches had been completed, 
and the inverts and spandrel walls between them carried 
up to the proper height, the arches were gently slackened, 
to* the extent of about two inches, so as to bring each to its 
bearing to a certain extent. This was effected by driving 
back the wedges upon which the ribs of the centres rested, 
by means of heavy wooden rams attached to them, so that 
they could swing backwards and forwards with great 
facility when any external force was applied to them; and 
this was done by ropes worked by hand-labour. After the 
first striking or slackening, the arches were allowed to 
stand for ton days, when the wedgos were driven back six 
inches farther. After ten days more tho wedges were 
driven back sufficiently to render the arch altogether clear 
of the centering. By this means the mortar was firmly 
imbedded into all tho joints, and the arch came gradually 
to its ultimate bearing without any undue crushing. In 
order to ascertain ^whether any chango of form took placo, 
three straight lines were drawn in black chalk on the 
extreme face of the arch previous to commencing the opera¬ 
tion of striking tho centre—ono horizontally in thefcentre 
of the voussoirs forming the crown, and two from the 
haunches of tho arch, each intersecting the first line at 
about 25 feet on each side of tho keystone; so that'if there 
had been any derangement of the curve or irregular sinking, 
it would at once have been clearly apparent. After the 
centres had been removed, it was found that the sinking of 
the arches varied from 2J to^J inches, which was as nearly 
as possible the allowance made by the engineer in designing 
the work; the whole plan being worked out with admirable 
precision and accuracy. 

The method of fixing and removing the centres was 
entirely new; being precisely the same as was afterwards 
followed by Mr. Robert Stephenson in fixing the wrought- 
iron ribs of the Conway and Britannia bridges -that is, bj 
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constructing thozA complete upon a platform adjacent to 
the river, and floating them between the piers on barges 
expressly contrived for the purpose. They wore then 1 
raised into their proj>er places by four strong screws, 
8 inches in diameter and 4 feet long, fixed in a strong east- 
iron box firmly bedded in tho solid floor of the barge. The 
apparatus worked so well and smoothly, that the whole 
centre, consisting of eight ribs, each weighing about fifty 
. tons, was usually placed within tlio week. 
s The means employed by Mr. Kemlie fur forming his mad 
upon the bridge, wore identical with tlioso adopted by Mr. 
Macadam at Bristol some six years later. But the arrange¬ 
ment constituted so small a part of our engineer’s contri¬ 
vances, that, as in many othor cases, ho made no merit of it. 
"When the clay-puddle placed along tho intended roadway 
• was sufficiently hard, he spread a stratum of fine screened 
gravel or hoggins, which was carefully levelled and pressed 
down upon the clay. This was then covered over with a 
layer of equally broken flints, about tho size of an egg ; 
after which the whole was rolled close together, ami in a 
short time formed an admirable “macadamized” road. Mr. 
Iiennie had practised the same method of making roads 
ovor his bridges long before 1809; and he continued to 
adopt it in all his subsequent structures. 

The whole of the stone required for the bridge (excepting 
the balustrades, which wore brought ready worked from 
Aberdeen) was hewn in some fields adjacent to the erec¬ 
tion on the Surrey side. It was transported to the work 
upon trucks drawn along railways, in the first instance 
over temporary bridges of ^vood; and it is a singular 
circumstance that nearly the whole of tho material was 
drawn by one horse, called “Old Jack”—a most sensible 
animal, and a great favourite. His driver was, generally 
speaking, a steady and trustworthy man, though rather too 
fond of his dram before breakfast. As the railway along 
which the stone was drawn, passed in front of the publiS 
house door, the horse and truck were usually pulled up 
‘ ' T 2 
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^hiie Tom entered for Ms “morning” On one occasion 
the driver Btayed so long that “ Old Jack, becoming im» 



Waterloo Bridge [By Ptrcjval Skelton, after his original Drawing 1 

patient, poked his head into the open door, and inking hie 
master’s ooat collar between his teeth, thongh in a gentle 
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sort of manner, pulled him out from the midst of his com* 

pAnicns, and thus forced him to resume the day's work. 

.The bridge was openod with great ooromony by Ills 
Royal Highness the Prince Regent, attended by the Duke 
of 'Wellington and many other distinguished personages, 
on the 18th of June 1817. It was originally named tho 
, Strand Bridge; but after that date tho name was altered 
to that of u W aterloo,” in honour of tho Duke. At tho 
opening* tho Prince Regent offered to confer tho honour of* 
Hcuighthood on tho engin^r, who respectfully declined it. 
Writing to his friend Whidboy, ho said, “ I had a hard 
business to oscapo knighthood at tho opening.” IIo was 
* Contented with the simple, unadorned name of John Ronnie, 
engineer and architect of tho magnificent structure which 
he had so successfully brought to completion. 

Waterloo Bridge is indeed a noblo work, and probably 
has not its equal for size, beauty, and solidity. Dupin 
characterised it as a colossal monument, worthy of Sosostris 
or tho Caisars. Oanova, during his visit to England, was 
particularly struck by tho fact, that tho trumpery Chinese 
bridge, in St. James’s Park, should l>o the production of 
the Government, whilst Waterloo Bridge was tho enter¬ 
prise of a private company. Like all Rennie’s works, it 
was built for posterity. That it should not haviS fettled 
more than a few inches --not five in any jHirt—after tho 
centres were struck, is an illustration of solidity and 
strength probably without a parallel. Wo believe that not 
a crack is visible in tho entire work. 

The necessity for further bridges across the Thames 
increased with tho growth qjF population on both sides of 
the river. In tho year 1813, a Company was formed to 
provide a bridge at some point intermediate between 
Blackfriars and London Bridge, of which Mr. Reimio was 
appointed the engineer. The schemo wits at first strongly 
opposed by tho Corporation, on the ground of tho narrow¬ 
ness of file'river at the point at which it was proposed to 
areoi the new structure; but the oublio demands being 
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urgent, the necessary Act was at length allowed to pass, 
but the Corporation insisted on the provision of a very 
large waterway, so that the least possible obstruction 
should bo offered to the navigation. Mr. Bennie prepared 
a design to meet the necessities of the case, and in order to 
secure the largest waterway, he projected his well-known 
Southwark Bridge—extending from Queen Street, Cannon 
Street, to Bridge Street, Southwark. It consists of three 
cast-iron arches, with two stone piers and abutments. The 
arches are flat segments of circles, the centre ono being not 
less than 240 feet span (or 4 feet larger than Sunderland 
Bridge, tho largesi cast-iron arch that had until then been 
erected), rising 24 feet, and springing 6 feet above high 
water of spring tides. The two side arches aro of 210 feet 
span, each rising 18 feet 10 inches, and springing from the 
same level. The two piers were 24 feet wide each at tho 
springing, and 80 feet at the base. 

Tho works commenced with the coffer-dam of the south 

A 

pier on the Month vvark side, and the first stone was laid by 
Admiral Lord Keith about tho beginning of 1815. 'All the 
centering for the three arches was fixed by tho autumn of 

1817, and the main ribs were sot by tho end of April 

1818. Tho centres were struck by tho end of. tho month 
of Juno following, and completely removed by the middle 
of October; and tho bridge was opened for traffic in March 
1810. 

In the course of this work great precautions w<5ro usod in 
securing tho foundations of the piers. The river was hero 
at itoj narrowest and deepest point, the bed being 14 feet 
below low water of ordinary spring tides. The coffer¬ 
dams were, therefore, necessarily of great depth and strength 
to resist the pressure of the strong body of water, as well 
as tho concussion of the barges passing lip and down tho 
river, which frequently drovo against them. Hence the 
dams were constructed in the form most capable of resisting 
external pressure, and yet suitable to tho dimensions of the 
foundations. The masonry and iron wbrk of the bridge 
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Southwark Bridge. [By Perdval Skelton, after bin original Drawing.] 

* 

The least possible quantity of finely-tempered. mortar was 
used, so that every part should have a perfectly true per- 
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manenfc bearing. Great dare was also takeq i:t the sblectipn 
of the blocks. The exterior of the piers was dbnstructed of' 
hard silicious stone brought from Oraigleith Quarry, near > 
Edinburgh, and Dundee; the interior, from the bottpm of 
the foundations to the spriilging of the arches, of .'hand 
Yorkshire grit; while that part of the piers and abutments . 
from which the arches spring consisted of the hardest and 
closest'blocks of Cornish and Aberdeen granite: in fine, it * 
may be' affirmed that a more solid piece of masonry does' 
not exist than Southwark Bridge. * 

■The iron work consists of eight arched ribs, the main 
strength of the arches being embodied in their lower 
parts, which are solid. The lower or main arch is divided 
into thirteen pieces, with a rib 5J- inches thick at the top 
and bottom, and 2j inches in the centre. The joints 
radiate outwards from the lower edge, and form so many 
cast-iron instead of stone voussoirs, from 6 to 8 feet deep 
and 13 feet long. At the junction of each of those main 
rib pieces there are transverse plates of the same depth, 
having flanges cast upon them on both sides in a wedge 
form, so that the ends of the main rib piers fit into them 
on one side, whilst on the other there is a cast-iron wedge, 
driven in between the rib and flange piece, and enabling 
the Avliolo to be accurately adjusted and connected together. • 
In addition to this, each rib piece had a flange, cast at . 
each end with a certain number of holes three-quarters of 
an inch in diameter, into which wrought-iron screw bolts 
wore introduced to connect the whole firmly together in 
the direction of the areh. These rib pieces were also of 
great importance during construction, the chief dependence 
being placed upon their lateral thrust in holding the * 
arches together. i . 

At each pier and abutment there was a similar cast-iron. • 
bed or abutting plate, let accurately 1^' inch inW the 
stone; but botween the end of each main rib which sprang 
from 4 this plate there was a groove cut out of the'solid 
Istone behind the springing plates and main iron ribs of 
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the arches, 18 inches wide, 3 inches thick at the top, and 
2 indies at bottom. The groove was accurately dressed and 
polished. Three cast-iron wedges, 9 feet long, 6 inches 
wide, and 8J inches thick at top and 2 inches at tottom, 
were then made and most accurately chipped and tilt'd* 
so as to tit exactly the groove atx>v<» mentioned to within 
12 indies of its bottom. When the whole of these 'a edges 
at both ends of the arch had been put into their places, 
they were darcfully driven homo to the bottom of tho 
grooves at the same time by heavy wooden rams, l»y which 
means tho ribs of tho arches were relieved from tho 
oentres and took their own bearing. In other words, tho 
arches were keyed from the abutments only, instead of 
from the centre, as is usual in bridges of stone. 

This was an extremely delicate and nico process, os it 
required that the variations of the thermometer .should ho 
carefully observed, in order that each operation should be 
carried on at as nearly as possible the samo degree of 
temperature, otherwise the form of tho arch would have 
been distorted, the veitie.il and lateral pressure of tho 
different parts would have been affected, and an undue 
strain thrown upon the abutments as well as the different 
parts of tho arch. But so nicely was tho whole operation 
arranged and adjusted, that nothing of tho kind occurred 
the parts remained in perfect equilibrium; not a Indt was 
broken, and not the smallest derangement was found in 
the structure after the process had been completed. 

The spandrel pie< es attached to tho top of the main ribs 
wero*east in tho form of open diamonds or lo/engis, con¬ 
nected together in the tiansverse dirc*etion by two tiers of 
solid crosses laid nearly horizontally— all closely wedged 
and firmly bolted together. In addition to the transverse 
connecting .plates coat in open squares, there woio also 
diagonal braces of cast iron, commencing at the extrerrdty 
of the outer rib of each arch ailtt inters* eting each other 
go gs to form a diamond-shaped space in the centra 
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These were also secured at their ends by wedges and "bolts, 
like the main rib pieces. 

After the main ribs of the arches were relieved from 
the centres, and had taken their bearing,before the centres 
were removed from beneath them, oxporiments were made 
how far they might be affected by expansion and contrac¬ 
tion, in proportion to the different degrees of temperature 
to which the bridge might be exposed; and for this 
purpose different gauges were made of brass, iron, and 
wood. These gauges were firmly attached to the middle 
or crown of the wooden centres, and divided into sixteenths 
of an inch, and at each a Fahrenheit thermometer was 
placed; so that the ends of tho arch being fixed, tho 
variation in the temperature would be indicated by the 
rise and fall in tho centre. The observations were mado 
daily—in the morning, at midday, and at sunset—for 
several months during summer and winter, when it was 
ascertained that the arches rose and fell about one-tenth of 
an inch for every 10 degrees of temperature, more or less. 

Tho wholo iron work is covered with solid plates, 
having flanges cast on tlicir upper side. These plates 
are laid in the transverse direction and on the top of tho 
spandrel walls, so that they form a solid and, compact 
east-iron floor to support the roadway. The cornice, 
which is cast hollow, is of the plain Koman-Poric order, 
and is secured to the roadway-plates by strong stays and 
bolts’at proper intervals. The parapet consists of a plinth, 
also cast hollow, with a groove at the top to receive tho 
railing, which is cast in tho form of open diamonds corre¬ 
sponding with the spandrels. The roadway is 42 feet wido 
from outside to outside, and formed in the same manner 
as that over Waterloo Bridge, which has been already 
described. 

The total quantity of cast iron in the bridge is 3620 
tons, and of wrought iron*112 tons. It has been said that 
an unnecessarily largo quantity of material has been 
employed; and no doubt a lighter structure would,have 
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fitodd. Bu* looking at the imperfections of Workmanship 
and possible flaws in the castings, Mr. Rennie was probably 
justified in making the strengths such as he did, in order 
to ensure tho greatest possible solidity and durability— 
qualities which eminently characterize his works, and 
perhaps most of all, his majestic metropolitan bridges. 
Although the Southwark Bridge was built before the 
Railway era, which has given such an impetus to tho con¬ 
struction of iron bridges, it still stands pre-eminent in its 
ctyss, and is a model of what a bridge should be. Its 
design was as bold as its execution was masterly. Mr. 
Robert Stephenson has well said of it that, “ as an example 
of arch construction, it stands confessedly unrivalled as 
regards' its colossal proportions, its architectural effect, 
and tho general simplicity and massive character of its 
details."* 


* Article on Iron Bridges in * Encyclopedia Britannia*. 
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CHAPTER VX1. 

•I 

Tub Bell Rock Lightiiou£e. 

About eleven miles east of tlio mainland of Scotland, neaz 
the entrances to the Friths of Forth and Tay, lies an 
extensive ledgo of rocks, which for a long time was the 
terror of the seamen navigating that coast. It is nearly 
two miles in length, being the crest of a mountain rising 
from the sea Inittoin, only a small part of which is visible 
at high water. 

This sunken reef was a source of such peril, that, as 
early as tlio fourteenth century, the Abbot of Arbroath 
caused a bell to bo placed upon flic principal rock, the 
swinging of which by the motion of the waves warned 
seamen of its dangers; and from this circumstance it came 
to be called tlio Bell Rock. It is affirmed that a notorious 
pirate, in order to plague the Abbot, cut the bell from the 
rock, but was himself afterwards wrecked on the very bp t; 
and on this tradition Southey founded Ins beautiful ballad 
of ‘Ralph the Rover.’* 

Nothing was done to replaco the bell, or to sot a beacon 
upon the reef; and it remained in its dangerous state— 


* The following is the tradition | rang continually, bung moved by 
as given by an old writer:—“ By* the sea, giving notice to tho say- 
the cunt ot tho Uleof May, twelve lore of tlio danger. This bell or 
mile* from all land m tho Gerinau clockc was put there by the Abbot 
Sea, lyes a great bidden rock of Abeibrothock, and, being taken 
called Inehcupo, very dangorous down by a sea-pi rate, a yeare there¬ 
to the nnv igators, because it is alter he perished upon the same 
overflowed every tide. It is'ire- 1 rock, with ship and goodes, by tho 
puriud that, m old tunes, there righteous judgment of God*’ 
was upon the saul rock a bell. (Btoddart's * Remarks on &soi* 
fixod upon a true or timber, which land/) * 
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the Bddjutone of the nprthern sees —or til the beginning 
of the present century, when the increasing commerce of 
Scotland, and th$ large nuwhoi; of vessels wrecked there* 
.Had the effect of directing public attention to the subject. 
As in the case of the Eddystonc reef, the sailors’ fear of it 
wafc such, that in order to avoid its dangers, they hugged 
the land so close as very frequently to run ashore. 

Captain Basil Hall relates that when a boy, ho was 
constantly he&nng of vossels getting wrecked through 
fopnof the temblo Boll Rock, which lay about ten leagues 
due north of the house at Dun glass in which ho was born. 
It is Situated on the borders of East Lothian, not far from 
the bold promontory on wirieh Fast Castlo stands, over¬ 
looking the German Ocean, lie states that “ ships bound 
for the Forth, in their constant terror of the dangerous 
reef, were not content with giving it ten or oven twenty 
mi?es of elbow-room, but must neods edge off a little more 
to the south, so as to hug tho shore, in such a way that, 
when the wind chopped round to tho northward, as it 
often did, these over-cautious navigators were apt to got 
embayed in a deep bight to tho westward of Fast Castle. 
If the breeze freshened before they could work out, they 
paid dearly for their apprehensions of tho Bell Bock, by 
"driving upon ledges full/ as sharp, and far more extensive 
and inevitable. Thus,” ho says, “at that time, from 
throe to four, and sometimes half-a-dozen, vessels used to 
’do wrecked every winter, within a inilo or two of our very 
door.”* * 


A Board of Commissioners had been appointed, under 
the powers \)f an Act passed^ in 1786, for the purpose of 
erecting lighthouses at tho most dangerous parts of tho 
coast of Scotland ; and by the end of the century several 
had been built,—one on the Isle of May at the entrance of 
tho Frith of Forth, another on tho Cumbraes at the month 

of the Frith of Clyde, and othdrs on rocky promontories 

\ 


* 4 Fragments ot Voyages and Travels,' i. 15-16. Edinburgh, 1831. 
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on the eastern an£ western coasts, including the Orkneys. 
The lights exhibited wore of a rude kind, and consisted 
of coal fires in chauffers. All that was needed "being a 
bright light, they probably answered their purpose, though 
in a clumsy way. The most dangerous reef of all, how¬ 
ever, was still left without any protection ; and doubtless 
the delay in providing a light upon the Bell Bock arose 
from the great difficulty and expense of erecting a suitable 
structure on such a site. * 

In the winter of 1799, a tempest memorable for its 
violence and fatal effects, ravaged the coasts, and drove 
from their anchors all the ships lying in Yarmouth Boads. 
The greater number tvere wrecked on the northern coast; 
and it was believed that many of them might have boon 
saved, had a light been fixed on the Bell Rock to point out 
the entrance's to the Friths of Forth and Tay. Among 
the other lamentable shipwrecks which took place on the . 
Incheapo about the same time, was that of the * York,* a 
seven ty-four-gun ship, which went down with all her 
crow. The reef was also a constant source of danger to 
the shipping of Dundee, then rising in importance, as it 
lay right in the main track of vessels making for the 
mouth of the Tay from the Gorman Ocean. 

Many were the plans suggested for a lighthouse on the 
Bell ltock. In 1799 Captain Brodio submitted to the 
Commissioners of Northern Lights his design of a ca$t- 
iron tower to be supported on four pillars ; but it was not 
adopted. In the mean time temporary beacons of timber 
were employed; but these rarely stood the stor;ns of a 
single winter; and three successive structures‘of this kind 
were completely swept away. Mr. Robert Stevenson and 
Mr. Downio also proposed plans for the consideration of 
the .Board between 1800 and 1804; but neither of them 
was adopted. 

.Considerable diversity r of opinion continuing to exist, 
the Commissioners determined to employ Mr. Rennie, to 
examine, the site and report as to the bast course to be 
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pursued. He accordingly proceeded to Scotland, and 
visited the Inchcape Bock on the 17th of August, 1805, 
in company with Mr. Hamilton, one of tho Commissioners, 
and Mr. Stevenson, tlieir surveyor. 

After mature deliberation, Mr. Kcnnic sent in his report 
on the 30th of December following. lie recommended 
the erection of a substantial lighthouse of stone, similar 
to that on the Eddystono, as being, in his opinion, tho 
only structure calculated to meet the necessities of the 
case.* He regarded a wooden building as objectionable, 
be'eause of the perishable nature of tho material, and its 
liability to bo destroyed by lire. Although it would bo 
possible to erect a lighthouse of cast iron, its cost at that 
time would have l>ecn equal to one of stone, with which, 
in point of durability, it was not to be compared. “ I 
have therefore,” he concluded, “ no hesitation in giving a 
decided opinion in favour of a stono lighthouse.” With 
such examples as tho Tour do Oordouan near the entrauce 
of the Garonne, and the Eddystono olf tho coast of 
Cornwall, ho held that there could be no doubt as to the 
superiority of this plan to any other that could bo proposed. 
Although the Inchcape was not so long uncovered by the 
tide as the Eddystone rock, and there might tie greater 
delay in getting in the lirst four .or five courses of tho 
foundation, this was only a question of time; and ho had 
no doubt that this difficulty would he overcome, and the 
whole structure completed in the space of about four 
years. 

In his report ho further said : “ Mr. Stevenson, to whose 
merit I am happy to bear testimony, has been indefatigable 
in obtaining information respecting this rock, and he lias 
made a model of a stone lighthouse nearly resembling that 

♦Baron Dupin in his ‘Com- mensiousof tho Eddystoen Light- 
mercial Power of Great Britain,’ hoiAu were adopted with the irn- 
savs:—“Several engineers sub- provementsin lighting, which tho 
nutted plans; but, by the advice ncout progress in optics allowed 
if Mr. Bennie, the model and ili- lim to make.” (it 159.) 
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of the Eddystone, in which he has proposed various 
ingenious methods of constructing the work By way oi 
facilitating the operations. I own, however, after* fully 
considering them, and comparing them with the con¬ 
struction of Mr. Smeaton—I mean in the process of build* 
ing—and also reflecting that there aro undoubted prpofs 
of the stability of the Eddystone, that I am inclined to 
give the latter the preference; its general construction, 
in my opinion, rendering it as strong as oan well be 
conceived.” 

Taking, however, into account, that the foundation of the 
proposed building lay so much lower in the sea, Mr. Bennie 
suggested that the column should bo somewhat higher, so 
that the eave of the cupola should be about 100 feet above 
the surface of the rock, the Eddystone being only 84 feet 
6 inches,—though this alteration would involve a some¬ 
what greater diameter of tho huso. Ue further pointed 
' out that tho pillar should he surrounded by such an extent 
of rock as to diminish tho force of tho waves breaking at 
its foot. ITo also proposed that the floor of tho lower room 
of tho lighthouse should bo 50 feet above the level of tho 
rock, and from thence to tho top of tho platform 35 foot; 
making a total height of 85 feet to tho platform or gallery. 
Ho recommended that argand lights should be Employed, 
with parabolic reflectors; and ho suggested for considera¬ 
tion the employment of earbnrettcd hydrogen gas, then 
coming into extensive use for lighting purposes. The 
cost of tho lighthouse, so constructed, ho estimated at 
about 42,000?. 

The Commissioners adopted Mr. Bennie’s-report,*and 
proceeded to Parliament foT the requisite powers, which 
were obtained in the session of 1806; after which (bn tho 
3rd of December following) they unanimously appointed 
him the chief engineer for conducting tho work. At Mr. 
Bennie’s recommendation* Mr. Stevenson was appointed the 
assistant-engineer to superintend the operations on«the spot, 
and he placed under him two ablo foremen superintendents,* 
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Mr. Peter Logan over the masons, ami Mr. Francis Watt 
over the joiners employed upon the lighthouse. Mr. 
Bennie was then requested to report further, with plans 
and specifications of the various works in detail; which 
he prepared and duly submitted to the Hoard. 

In .this second report of the 20th DoeemWr following. 
Mr. Bennie entered at great length into the description of 
stone to be used in the building, bused upon a personal 
inspection of the quarries at Mylnefiold near Dundee, at 
Ajjbroath, and at Aberdeen; and on his recommendation it 
was determined to use blocks from the liubieslaw quarry at 
Aberdeen for the outer, and Dundee stone for the inner 
masonry. He also repeated his advice., that in carrying 
out the work, the plan of construction adopted by S meal on 
in building the lighthouse on the Eddystone should be 
mainly followed: one of the few deviations consisting in 
tho substitution of dovetailed pieces of stone for chain bars 
in the joints both of the walls and the floors. These 
recommendations having been adopted, Mr. Ifcnnio was 
authorised to proceed with the requisite preparations for 
tho building; and, after making all duo arrangements, 
and giving his representatives suitable instructions, ho 
left tho practical operations to be carried out by them 
accordingly.* 

The whole of tin* year 1807 was occupied in construct¬ 
ing tho necessary vessels, and in erecting the requisite 
machinery and building-shops at the working yard at 
Arbroath, which was fixed upon as the most convenient 
point on tho coast for carrying on tho land operations. 
Some progress had been made # at the rock itself, where a 
smith’s forge was fixed and a temporary beacon erected, 
while a floating light, fitted up in an old fishing dogger, 
was anchored near the reef until the. lighthouse could be 

*A detailed account, of the I ‘ An* Account «>F the Hell It nek 
oiterations was afterward.'. pub- j f.iglitli*>iih«*.* Ily Hubert Steviu- 
li>hed by the assistant-engineer, j t-on. Ci\il Engineer. Edinburgh, 
in lvis interesting work "intitled j 1824. 
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erected. Preparations had also been made for joo&eitng 
with the foundations, the necessary excavations ttg&tyg 
conducted at considerable peril, in consequence ,'pjft^e 
violence of the waves and the short period during 
thereof was uncovered during each day. 

The dangerous nature of the employment may be Ulus* 
trated by the following brief account of an accident which 
happened to tho workmen on the 2nd of September, before 
the excavation for the first course had been completed. 
An additional number of masons had that morning^come 
off from Arbroath in the tender of forty tons, named * The 
Smeaton,* and having landed them on tho rook, the vessel 
rode at salvagee, with a erosshcad made fast to tho fioat- 
ing buoy. The wind rising, tho men began to bo uneasy 
as to* tho security of the ‘ Sineaton’s ’ riding-ropes, and a 
party wont off in a boat to examine whether she was all 
secure; but before they could roach tho vessel’s side they 
found she had already gone adiift, leaving the greater 
part of the men upon the reef, in the face of a rising tide. 

By tho time the ‘SmeatonV ciew had got her mainsail 8$t 
and made a taek towards their companions, sho had drifted 
about three miles to leeward, with both wind and tide 
against her, and it was clear that sho could not possibly 
make the rock until long aftor it had been completely 
covered. There were thirty-two men in all upon the Inch- 
cape, provided with but two boats, capable of carrying 
only twenty-four persons in fine weather. Mr. Stevenson 
seems to have behaved with great coolness and presence 
of mind on the occasion, though bo confessed that of tho 
two feelings of liopo and despair, tho hitter largely pi*o- 
dominated. Fully persuaded of tlic peril of the situation, 
ho kept his fears to himself, and allowed tho men to 
continue engrossed with their occupations of boring and 
excavating. 

After woiking fin* about three hours, the water began to 
rise along the* lower parts of the foundations, and the men 
were compelled to desist. The forgo fire became ex- 
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the smith oeasod from hammering at his 
c-Jhaa the masons from hewing and boring ; and when 
th^r^tooh up their tools to depart, and looked around, theif 
V&^<^as not to bo seen, ami the third of their boats 
ha&gone after the 4 Smeaton/ which was drifting away 
inthedistance I Not a word was uttered; but the danger of 
tbbir position was instantly comprehended by all. They 
looked towards their master in silence; but the anxiety 
wliich:had beOn growing in Jiis mind for some time had 
xtowVbeOome so intense, that ho was speechless. When lio 
attempted to speak, his mouth was so parched that his 
tbaogUO refused utterance. Turning to one of the pools un 
the rock, he lapped a little water, which gave him relief, 
though it, was salt; but what was his happiness when, on 
raiding his head, some one called out “ A boat! a boat! ” 
and sure enough, a largo boat was seen through the haze 
making for them. She proved to he the Hell Rock pilot- 
boat, which liad conic off from Arbroath with letters, and 
her timely arrival doubtless saved the lives of the greater 
part of the workmen. They were all taken oil* and lauded 
,in safety, though completely drenched ami exhausted. 

Hr. Rennie, accompanied by his son George, visited the 
rook on the 5th of October, 1807, the day before the works 
were suspended for tlio winter. They came off’ from 
Arbroath, and stayed oil board the lighthouse yacht all 
night, where Mr. Stevenson states that he “enjoyed much 
of Mr. Rennie’s interesting conversation, belli on general 
topics and professionally upon the progress of I he Hell 
Rock works, on which he was consulted as chief engineer.” 
On, the following morning Mr. Rennie landed to inspect 
the progress made in the excavation, being received with a 
display of colours from the beacon and throe cheers from 
the ‘workmen. They continued at work fo* only about 
throe hours that day, after which the whole working 
patty* accompanied by the chief engineer and his son, the 


resident engineer, and the foreman of the works, returned 
to Jgtjgi for the winter. 




v 2 
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The preparation of the Btono blocks for next Bummer’s 
operations then proceeded on shore; anti, by the spriug 
large numbers wero dressed, and ready to be floated off. 
In May, 1808, the excavations on the rock were proceeded 
with, and on the 10th of July the first stone was laid with 
considerable ceremony. Mr. ltennie paid his next visit, on 
the 2/5 th of November following, for the purpose of in¬ 
specting the work done, and reporting progress to the 
Commissioners. From his report it appears that three 
courses of masonry had by that time been laid in a very 
complete manner. At liis suggestion, a modification was 
adopted in the cement used for the building, and also in 
the use of the granite blocks delivered from the Aberdeen 
quarry, some of which had been found defective. 

I>y the end of 1800, at our engineer’s next visit of in¬ 
spection, the tower had been built to a height of 30 feet, 
and was comparatively secure against the effects of the 
most violent seas. In his report to the Commissioners he 
stated that he found that the form of slope which he 
had adopted for the base of the tower, as well as the curve 
of the building, fully answered his expectations—that- 
they presented comparatively small obstruction to the roll 
of tlie waves, which played round the column with case— 
and he expressed the opinion that the lighthouse, when 
finished, “ would be found to be the most perfect work of 
its kind.” In his report he recommended a modification in 
the details of the upper part of the building. In dove¬ 
tailing the stones together, the method employed at the 
biddy stone had up to this point been followed; but from 
the top of the staircase he t proposed that a somewhat 
different, plan should be adopted. 

“The stone floors in the Hddystonc,” he said, “were 
formed by an areli in the shape of a dome springing-from 
the surrounding walls, to strengthen which chain bars 
were laid in the walls. 4 1 propose that these should be 
done with large stones radiating from a circular block in 
the middle, to which their interior ends are to be dove- 
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tailed as well as the radiated joints, anti these connected 
to the surrounding walls by means of a circular dowel. 
By this means the lateral pivN-uro on the '.vail* will he 



Section of Ik-11 Hock Lighthouse. 


removed, the whole connected together as one mass, and 
no oham-bars will be wanted except under the cornice. 
Thus the whole will bo like a solid block of stone ex 
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cavated for the residence of the lightkeepers, at 
He conoluded with some practical advice as to 
struction of the lantern after an improved method.' 

•he proposed, in order that it might bo in readiness I# 
course of the ensuing summer, by which time he 
pated tfyat the building would be ready for use $f 4he 
weathor proved favourable. These recommendations 'Vf&Q 
adopted, and the work having proceeded satisfactorily*, 4fce 
wholo was completed by the end of 1810, and the light 
was regularly exhibited after the 1st of February, 
1811. 


When finished, the tower was 10 feet higher than "tbe 
original design, being 951 fe< t to the top of the comice, 
and 127 feet to the top of the lantern. The additional 
height to which Mr. Rennie thought it necessary to carry 
the lighthouse during its construction, had the effect of 
raising the total cost to GJ,.‘M1Z.; but he believed that the 
increased outlay would be fully justified by the greater 
security of the lighthouse and its increased efficiency for 
tho pnrposo for which it was intended. , 

Notwithstanding tlio facts which wo have stated, show¬ 
ing that Mr. Rennie acted throughout as the chief 
engineer of tho lighthouse — that lio furnished the design, 
arranged the details of tlio building, settled tho kind of 
materials to he used, down oven to the mode of mixing the 
mortar, and from timo to timo made various alterations 
and modifications in tho plans of the work during its pro¬ 
gress, with the sanction of the (Commissioners— his name 
lias not usually been identified with the erection of the 
structure; tlio credit having been almost exclusively given 
to Mr. Robert Stevenson, tlio resident engincor,— arising, 
no doubt, from the cireumstanco of Mr. Rennie being in a 
great measure ignored in tho ‘ Account of the Bell Bock 
Lighthouse,’ published by Mr. Stevenson several years 
after tho death of Mr. Rennie. 

The following account was given by Mr. Bssjtnie 
himself, in a letter to Matthew Boulton of Binning 
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h»n£j^i^jative to his own and Mr. Stevenson’s connection 
Vp 1 ^ plans and erection of the lighthouse : - - 
‘ ^^jr.'Bobei't'Stevonson was bnd a tinsmith and lain}. 
!&$£$& in which lino he was employed by a Mr. Thomas 
a considerable niaimfactiuer in Edinburgh, who 
hAd^tho care of the reileetors anti lamps belonging to the 
K Cfojiupj&isaioners of Northern Lights. While) iu Smith’s 
eiftplpytaent Stevenson married his daughter, and Smith, 
advancing in years, employed S"« a onson to look after the 
Northern Lights. This he did for several years. When 
Smith declined tho situation, Stevenson was elected in his 
piece. 

u When the Bell Kook Lighthouse was erected, Stevenson 
was Employed to superintend the whole. A regular head 
mason and carpenter were employed under him. The 
Original plans were made by me, and tho woik was visited 
by me from time to time during its piogiess. W hen the 
work was oompletni, Stevenson considered that ho had 
acquired sufficient knowhdgo to start as a civil engine* i, 
and in that line lie lias been most indefatigable in looking 
after employment, by wiiting ami appl) ing whenever lie 
thought there was a chance of sneeiss. 

“He has assumed the meiit of applying coloured glass 
to lighthouses, of which lluddart was the actual inventor, 
and I have no doubt that ho will also assume tlm whole 
merit of planning and electing the Bell Itoek Lighthouse, 
*if he has not already done so. 1 am told tii.it lew weeks 
pass without a putt or two in liih favour in the Edinhmgh 
papers” * * * 

Mr. Stovenson was umjiustionably entitled to great 
merit for the able mamur in which ho performed his 
duties as a Superintendent in connection with the building 
of ‘the Lighthouse. Mr. Humic was always ready to 
acknowledge this. But had any failure occurred in eon- 
sequence of a defect in tho plans, Mr. lie miie, and not Mr. 


' * Letter dated the 12th Man'll, 1811 Boulton MSB. 
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Stevenson, would have been held responsible* how¬ 
ever, the Lighthouse proved a success, it is but faifthat 
the chief engineer should not be deprived cf the merit 
which unquestionably belonged to him. It is a matter of 



The Bell Rock Ligluhouac. [By I’ercival Skelton.) 

impossibility that engineers in extensive practice should 
personally superintend the various structures designed 
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by them, and which are proceeding at the same time in 
different parts of the country. Hence the appointment, 
at their recommendation, of superintendents or resident 
engineers, whose business it is to see that the details of the 
design are faithfully carried out, and that the work is 
executed in all respects according to the chief engineer’s 
designs and instructions. 

To take two instances—Telford’s Menai Bridge and 
Stephenson’s Britannia Bridge- in the former of which 
paces Mr. Provis was appointed resident engineer, and in 
the latter Mr. Edwin ('Inike. Both of these gentlemen 
afterwards published detailed histories of these works; hut 
neither of them ignored the chief engineer, nor did they 
claim the exclusive merit of having been the successful 
erectors of theso magnificent structures. 

During Mi'. Rennie’s lifetime various notices were pub¬ 
lished, claiming for Mr. Stevenson the sole credit, of having 
designed and erected tho lighthouse. At this Mr. Rennie 
was naturally annoyed; and the more so when ho learnt, 
that Mr. Stevenson was about to “ write a hook” without 
communicating with him on the subject. “I have no 
wish,” he says, in a letter to a friend, “ to prevent 
his writing a book. If he details tho truth fairly and 
impartially, I am satisfied. I do not wish to arrogate 
to myself any more than is justly my due, and I do not. 
want to degrade him. If he writes what is not true, ho 
will Only expose himself. I bethink me of what Job said, 

* Oh that mine enemy would write a book ! ’ ” The volume, 
however, was not published until three years after Rennie’s 
death; and it was not until the publication of Sir John's 
work on Breakwaters, that fiis father’s claims as chief and 
responsible engineer of the lighthouse were fairly asserted 
and afterwards fully and clearly established.* 

• The correspondence which gineer and Architect’s .lourunl/ 
took. place on the subject will ho \ol. xii., J81U. 
foutfd recorded in tho * Civil En- 
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CHAPTER Till. 

Mr. Rcnnie’* Docks and IIakbqurs. 

*r 

The growth of the shipping business, and the increase in 
our liomc and foieign commerco, led to numerous improve¬ 
ments in the harbouis of Britain about the loginning of tike 
present century. The natuial facilities of oven the most 
fa veinably situated jfbitn, though to somo extent improved 
by ait, no longer suftie(d for the accommodation of^eir 
tiade. Compaiatively little had as yet been done to im~ 
provo the ]>oit ol* London itself, the great focus of tho 
maritime and commercial industiy of Biitain.* It is true^ 
that its noble liver tho Thames provided a great amount of 
shipping 100 m between Mill wall and London Bridge; but 
the lise and fall of tlio tide twite in every day, and the 
great exposme of tho vessels lying in the river to risks of 
collisions, and other diawhacks, weio felt to be evils Which 
the shipping interest found it necessary to remedy. 

Besides the crowding of the liver by ships and lighten 
—tlio laiger vessels having to anchor in tho middle of the 


* Tho inert use in tlio tmdo of tho poit at different periods since 
London is <\lnluted by the follow- the beginning of last century:— 
mg abstiaet of \ easels uiteied at 
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strgg^I^ low as Blackwall, from which their cargoes 
w^S^^fUfexed to the warehouses higher up the Thrfitnes— 
ie accommodation was found very inadequate 
a, as well as difficult of access. It took not less 
to deliver an East India man of 800 tons of 
while a coasting ship of 350 tons required eight 
Vstimmer and fourteen in winter. The quantity of 
plqi^eir also, stolen from ships lying in the river -was 
extraordinary. Mr. Colquhoun, the police ma- 
estimated tlio annual depredations on the foreign 
aitd' jCoasting trado to amount to not less than lialf-a- 
millionsterling ! 

f ^^lightermen, watermen, labourers, sailors, mates and 
eb^tijlles captains, and often tlio officers of the revenue, 
v^e leagued together in a system of pilfering valuables 
frotn the shiiis whilo lying at anchor in iho river, or from 
the bftrges into which the goods had been transferred. Mr. 
Oolqiihoun stated the number of pilferers and tliieves to 
ajnbnnt to 10,850 ; and the number of receivers to 550. 

'The plunderers were divided into various gangs. There 
were the River Pirates , a set of desperate and depraved 
characters, who attacked the ships whilo lying at anchor 
atnight. Tlioy would weigh the ship's anchor, hoist it 
into their boat, set tlio ship adrift, and then make dear 
off; ofr, they would mount the ship’s sido while the crew 
were asleep, cut away bugs of cotton, cordage, spars, oars, 

, thrbw them into tlieir boats, and make away. They wero 
usually armed, and defended themselves by force when 
attacked. Thoy carried on their operations by day as well 
as night, and they were usually permitted to escape by tlio 
other labourers on tho river, who were for the most part as 
bad as themselves. 

There were also tho Night Plunderers —mostly watermen, 
who^worked together in gangs of four or five in number, 
and ^iundered the lighters and other craft into which 
gobc^had been stored, They were usually in league with 
the^tchmen of the lighters, with whom they shared the 
But sometimes the watchmen did not allow 
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thoir gwn lighters to bo plundered, but would point but 
others which were without any guard; and in this way, 
while appearing honest themselves, they shared, in the 
general system of thievery. * 

The Light Horsemen were the nightly plunderers of 
West India ships. There was an arrangement between 
them, the mates of the ships, and the criminal receivers, 
by which an incredible quantity of sugar and other articles 
was abstracted from the ships in the rive*. The mates 
claimed the sweepings, that is, the drainings of sugars 
which remained in the hold after the cargo had been dis¬ 
charged. The connivance of the revenue officers was 
necessary in order to get these sweepings landed. A pay¬ 
ment of from 30 to 50 guineas was sufficient to allow the 
Light Horsemen—who consisted of coopers, watermen, 
lumpers, and receivers—to get on board at night for the 
sweepings. They then opened as many hogsheads of 
sugar and bags of coffee as possible, and plundered the 
ship without control. The ships subject to this species of 
depredation were known as Game Ships, and they frequently 
suffered the loss of as much as from fifteen to twenty 
hogsheads of sugar, with corresponding quantities of 
eo If bo and rum. 

The Heavy Horsemen , or lumpers—who often worked, or 
desired to work, on board of West Tndia ships without 
wages,—generally connived with the mates or revenue, 
officers to carry away large quantities of stuff’ in thoir dress. 
They had an undor-waistcoat, containing pockets all round, 
called a Jemie; and long bags, pouches, and socks, tied to 
their legs and thighs under their trousers, in which they 
concealed sugar, cuffeo, pimento, ginger, rum, and otheT 
articles. When employed upon a game ship, these thieves 
used to divide from three to four guineas every night from 
the produce of their plunder, independent of the hush- 
money paid to the mates And revenue officers. 

Then there were tho Game Watermen , who would wait 
upon West India ships in course of discharge, and take on 
their backs bags of sugar, coffee, and such like,, handed to 
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them by the lumpers and others in the delivery of the cargo. 
The game watermen divided with the lumpers and others 
the money obtained from the receivers of the stolen goods. 

Besides these river thieves and pirates, there were also 
the Game Lightermen , who concealed in the lockers of their 
lighters considerable quantities of valuable goods, for the 
purpose of selling them; the Mud Larks , who prowled about 
in the mud at low water, under the quartern of West India 
ships^pretonding to pick up old ropes, iron, and such like, 
bpt really waiting to have hags of sugar, codec, rum, and 
pimento, lowered down to them from the thieves on board 
the ship; the Revenue Officers, who wore paid a very small 
sum for their services, and eked it out with plunder; tho 
Scuffle-Hunters , who stole promiscuously from the crowded 
quays and wharves where the goods were discharging; and 
the Cdjpemen, or receivers of stolen property, who wore them¬ 
selves often parties to tho robbing of ships in company of 
the light horsemen. 

Theso criminals not only plundered in gangs, but 
they had tho audacity to form a club for the purpose ol 
resisting the attacks made, upon them, under tlie powers 
of an Act passed in 1702,* commonly called tho I him bout 
Act; and by this means many of the scoundrels appre¬ 
hended, escaped the punishment due, to their crimes, Asa 
proof, amongst others, of the enormous extent of the river 
plunder, tho convictions for misdemeanors between August. 
1792, and August. 1700. exceeded 22H0; of which number 


about. 2000 culprits paid the penalties partly from their 
• own resources, but chiefly, it is believed, from Ihe funds of 

' tv 


t.ho club—amounting in all to about 40ou/., in tl 
of seven ycars.f 


The Thames Police was established, in 1708, 


io course 
for tho 


purpose of chocking this system of wholesale depredation; 
but, so long as the goods were conveyed from the ship’s 
side in open lighters, and the tqfcn quays formed tho prin- 


* 2 George III., cap 2S. tine on the Police of the Metrupo* 

t P. Colquhoun, LL.D., 4 Tmi- lis.’ [Utli Ed., 237.] 
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cipal shore accommodation—sugar hogsheads, 
baskets, boxes, bales, and otlicr packages, being pjpkpCbp 
in confusion on every available foot of space—jit was?' 
that mere police regulations would be unequal to uaoijfihe 
difficulty. It was also found that the confused mAuherVin 
which the imports were brought ashore led to a vast amount 
of smuggling, by which tlio honest merchant was placed 
at a considerable disadvantage, at the same tftne that the 
revenue was cheated. The Government, therefore, for the 
sake of its income, and the traders for the security of their 
merchandise, alike debired to provide an effectual romedy 
for these e\ilN. 


Mr. Bennie was consulted on the subject in 1738, and 
requested to devise a plan. 'Before that time, various 
met hods had been suggested, such as quays and warehouses, 
with jetties, along the river on both sides; but all those 
eventually gave place to that of floating docks or basins 
communicating with the river, surrounded with quays and 
warehouses, shut in by a lofty enclosure-wall, so that the 
whole of the contained vessels ami their merchandise should 
be placed, as i t were, under lock and key. By such a method 
it was believed the goods could ho loaded and unloaded 
with tlio greatest economy and despatch, whilst the" Cus¬ 
toms duties would ho levied with facility, at the same timo 
that the property of the moichants was effectually protected 
against depredation. _,«* 

About the middle of last century a small dock had ex¬ 
isted on the Thames, called tlio Greenland Bock; but it 
was of very limited capacity, and was only used by whaling' 
vossels. Docks had existed ry± Liverpool for a considerable 
period; so that there was no novelty in tho idea pro¬ 
viding accommodation of a similar kind on tho Th^gics, 
though it is certainly remarkable that, with the extraor¬ 
dinary trade of tho metropolis, the expedient should not 
have been adopted at a mhcli earlier period. 

Tho first docks constructed on the Thames Were the 
West India Docks, and the London Docks, The dbrmeT 
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tfo isthmus that formerly connected tho Isle of 
'with Poplar, and weio <lt signed and constructed 
^William Jessop.* At the Mmo lime that tho West 
were m course of constnu turn, a company was 
hy tho London muchants, m IbOO, foi tin pui peso 
of U0Ustructing docks, at a point as mai the Evhmge as 
ppSSildc, for tho au ommodation of gtncial imuhmdibc; 
and Of this^fehemo Mi Ihnnie was appointed flic engineer. 
Several designs wm piojHisi <1 foi consnli i iti< u, on a scale 
ipOreor less extensive Amlalhm iti\c plans wuo submitted 


* Mr.Jessop was among tho most 
exnthOtit engineer* ot hi* du> Hi» 
femNCWO* engaged undr) bnu atoii 
id building ot the lald>stom 
Qjt^fhttuse, and, d)iug m I7t*l, 
he left the ginidiamdup ot his 
fBdtily to Mr hmcaton, who 
adopted William as his pupil, nml 
eetefttUy brought him up to tlu 
WUne profession hssop <<m 



William Jew p U* 

tmoed with Bin or ton foi ulw nt 
ten years; and, alter leaving him, 
ho m engag'd sucttBsivcly on i 


tin \ni and < ildir, tho I'nldir 
aiidUihhli nud tlu lunt Navi¬ 
gations Ih ilso (Miiikd tho 
t lomfoid and tin Nottingham 
| ( an ils tho I ou/hhoiou/h and 
liut'dii, and tho lloiiuastlo 
I Navi Mtions hut tlu m »*t i vti n- 
mm an l mipoitnntif hn woiks 
of tlu-. kind wus tin («i md .Jilin 
turn ( in il, I y win li tin wlmli of 
tlu ninth wi stun ml md nm/i 
tion of flu kingdom was hi ought 
into limit i >nin1 1 ion with tlu 
iiutiop 1 h Ifo w is iiJmm mpl vid 
is <1)1,111111 1 l tin ( ill donum 
(anal inwhnhlii was mm i i <«I< d 
l>> f li Ifonl, win) i mud out tlu) 
work Mr Ji—-opwis tin i n/i 
iu 11 oi tho Mi<-t Indn I>ikn 
(ISOU 2 ) and f tlu limtol I)(kUi* 
(ISO l S), l>< tli w uks if gu it tin 
pit mi i lli w is tlu hrd i ngi* 
lu i r i in | ln\i d to I iv i ut and i on* 
s f im t l i tin »I , is a 1 i mi h ot Ins 
I x '(•"-li n flu ( iovd« u ami 
Mi i-tli im It ul)( id, wi ikrd b} 
dinkivs and nmli- limn/ Ijcui 
*. nsfiiutid 1 > him as * ulv us 
JsOt Ilf do I ud down tdidit 
ltilwivs m i Mini i ti ii with Inn 
c m il* m Dirl \slim \ntkahm, 
n.; s ltiu/h uiirluit During 
till 1 lt( t Mill I t Ills lit! lit W lb 
in mil tllliihd hj pii dshis, and 
died in lb 11 . 
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were afterwards worked up into more complete d^fma 
As the future trade of London was an unknown qtta$$|ty, 
Mi*. Rennie wisely provided for the extension of the docks, 
as circumstances might afterwards require. 

In carrying out the London Docks it was deemed' ad¬ 
visable, in the first instance, to limit the aocess to the 


m 



Plan of London Docks. 


present Middle River Entrance at Roll Dock, 150 feet long 
and 40 feet wide, with the cill laid five feet below low 
water of spring tides. The entrance lock communicated 
with a capacious entrance basin, called the Wapping Basin, 
covering a space of three acres, and this again with the great 
basin called the Western Dock, 1200 feet long and 900 feet 
wide, covering a surfaco of 20 acres. The bottom of the 
dock was laid 20 feet below tho level of high water of an 
18 feet tide. The quays next to tho river .were five feet 
above high water, increasing to nine feet at the Great 
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Dock* 4 ihropa Sie east side of the latter it was ultimately 
proceed 4q make two or more docks, communicating with 
each Mother and with a larger and deeper entrance lower 
doWn ^ river at Sliadwell; all of which works have since 
been carried out. 

As the site of the Docks was previously in a great measure 
occupied by houses, considerable time necessarily elapsed 
before these could ho purchased and cleared away; so that 
the works were not commenced until tho spring of 1801, 
Wfhen two steam-engines were erected, of 50-liorso power 
each, for pumping the water, and three minor engines for 
other purposes, such as grinding mortar, working the pile- 
engine, and landing materials from the jetty - an applica¬ 
tion of steam power as an economist of labour which Mr. 
Bennie was among the first to introduce in the execution 
of such works. The coffer-dams for the main entrance, ami 
the excavation of tho Docks, were begun in the spring of 
1802;* after which tiuio tho works were carried forward 
with great vigour until their completion on the dOtb of 
January, 1805, when they were opened with considerable 
ceremony. 

At a subsequent period Mr. Bennie designed the present 
westernmost or Hermitage entranco lock and basin, the 
former of which is 150 feet long and 38 feet wide, with the 
cill laid two feet below low wat( r of spring tides; tho basin 
and main dock covering a surface of one acre and a quarter. 
Another small dock of one aero was afterwards added on 
the north-east side of the Great Busin, exclusively dovotul 
to tho tobacco trade; and it was ultimately extended to 
the Thames at Shad well, as contemplated in tho original 
design. 

After the docks had been opened for trade, Mr. Bennie 
gave his careful attention to the working details, and ho 
was accustomed from time to time to make suggestions 

i 

* I'M. further particulars as to 1 British and Foreigt* Huibouis 
thfifffNfrini see Sir John lteuuie’s Ait. London Docks." 

? u; * 
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with a view to increased ,■despatch and 
conduct of the business. Thus, in 1808, ha r< 
that the whole) of the lifting-cranes in the Dockfe 5 
worked by the power of a steam engine, inst 
or horse labour. lie estimated that the saving th]a&j 
in the caso of only twenty-six cranes, wpuld aUK 
least 1500J. a-year, besides ensuring greater regular^ 
despatch of work; and, if applied to the whole of tfcql 
along the Docks and in the warehouses, a much g 
annual saving might be anticipated. It was, hots^l^fr, 
lvgaided as too bold an innovation for the time: &£M%fr 
many j ears ilie cranes in the London Docks cont$di$({ to 
bo woiked by hand labour, at a great waste of tirah s^hd 
mono}', as well as loss of business. , JJt 

Another of Mr. Kennie’s valuable suggestions, With a 
view io gieatu* economy, was the adoption of tramWayfcr&ll 
round the qua} s, provided with trucks, by means of whifch 
tho transfer of goods from one part of the Dock to 
might lx* effected with the greatest ease and in the Ifftot 
possihlo time. But this, too, was long disregarded. L&Twr- 
saving processes wore then less valued than they 
The application and uses of machines wore as yet lib] 
fectly understood, and thcio wero in most quarters poWl 
prejudices to ho overcome before they could be intrt*di|s, „ 
The goods in tho London Docks are still hauled iu ii$$es, 
waggons, or hand-baivows from ship to ship, or frbj^luQ 
vessels to the lospective bonded warehouses; and !i j^ll 
remains matter of surprise that a system so dum^ , ”j 80 
wasteful of time, so obstructive to rapid loading j&nd 
unloading in dock, should he permitted to continue ^ 
{Shortly after these works were sot on foot, and wi^j^the 
great iniport.mce and economy of floating doiJktf to 

be recognised by commercial men, another 
similar character was started, to provide ac 
exclusively for vessels ortlio East India Com] 

1000 to 1800 tons burden. A company was 
pin pose, and an Act was obtained in 1803, thjS i 





It 

le&mtely to tlio west of tlio river Lea, near the 
uWjbieh it enters tho Thames; and where at that 
Were two small floating Ixisms or docks, pr<n ided 
lea locks, and buuoundcd with wooden walls, 
|e Brunswick and Tony’s Docks These it was 
led to puichase and include in tlio pioposed new 
of whicji, however, they foimed hut a biu.ill part. 
Bennie and Mr. Ralph "Walkci weie assoc iuted as 
in calling the woihs into execution, and they 
w^fijttished and opened foi husmibb on the 4th ot August, 
They consisted of an entrance look into the Thames 
long and 47 feet wide, with tho ull laid 7 feet 
b^wlpw water of spring tides. This lock n> connected 
a triangular entianco h.isin, covtiing a spaio of 
on tlio west bido of which it communicates hy a 
With. A dock cxpiesbly pioxided toi \isbds outwaid 
bputjd, called the Expoit Dock, 700 lut long and 40 l feet 
^le,^COVering a suifaco of 8\ ticics At tin muth end of 
.P&fcranoc liasin is the Impoit Dock, 1110 fc< t long and 
wido, coveiing a surface of lHj acios. The depth 
Q$Hh&be basins is 22 feet below high watci of oulmaiy 
tides. Tho totil suilaco of dock loom, including 
(p&ya, sheds, and waiohousc',, is about 55 acicb. 

Tbf original capitd of tlio East India Dock Company 
WflSrdffthOOOZ ,; hut Mr. Bennie constiuctcd and completed 
the Docks* for a bum conbuhiahly within that amount. 
Eventually thoy wcio united to tlio West India Docks, 
under the joint diiectoiate ot the Fast and A Vest India 
Do0j$( Company.* Mr. Kenmo also introduced into thebe 



% 

♦ the improven i nts 

■ Mr Bennie m tlu so 
he mentioned the eni- 
bf clftflt iron, then an al- 
jpvel expedient, toi tlio 
Fj^eAheds. One of these, 
ijfclhfaytn 1813, was 1300 
* JJ9 foot 6 niches 
ted on cast -11 on 



columns 7i italics m diameter at 
bottom and 5^ at top Another, 
still moiu cipwuous, of 51 feet 
deal span between th suppoits, 
was ciioted by him o>er tho 
nudiogauy walehouses m 1817 
l£o also introduced an entirely 
new dcfeouphon of mm eraucs 
lust employing whoelwoik in con 

x 2 
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rasto*' ’ 


Bocks many improved methods of working; hi$ mB< 
invented by him for transporting immense blo<$$ 
hogany by a system of railways and looomotip| 
having, in the first six months, effected a sayihg.1^ 






Tlan of East and West India Docks. , .. 

F , \ • - F 

wages more than sufficient to defray their entire original 
cost, besides tlio increased expedition in the Gonduct of the 
whole Bock business. 

Some of Mr. Rennie’s harbour works at other places were 
of considerable magnitude and importance; the growing 
trade of the country leading to his frequent employing in 
constructing now harbours, or extending and impri^fig 


ncction with them, by which they 
worked ranch more easily and at 
a great increase of power. Ho 
ontircly re-arranged the working 
of tlio mahogany sheds, greatly to 
tho despatch of business and the 
economy of labour. Hjs quick ob¬ 


servation enabled him. 
out new and improved of 

despatching work,“~ey$n to (those 
who were daQy oceapk^ : .^the 
docks, but whose oy^fc^^b- 
ably become famfiiftr,‘^|^|p^y* 
scurry and confu&^TSM, 
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old'Wtifc In almost every instanco he had the greatest 
poflp&ta difficulty in inducing the perwms locally interested 
to^l^Mde harbour space sufficiently extensive as well as 
se<fa$& "When asked to give his advice on such questions, 
he began with making numerous practical inquiries on the 
spot; be surveyed the adjacent coast, took soundings all 
round the proposed harbourage, noted the set of the cur¬ 
rents) the direction of the prevailing winds, the force and 
action of the land streams, and the operations of the scour 
df tfye tides upon the shore. 

H f also inquired into the trado to ho accommodated, the 
probability of its expansion or otherwise, and prepared his 
plans accordingly. Writing to Mr. Foster, of Liverpool, 
in 1810, he Baid, “ It seems to mo that your merchants arc 
much less liberal in their ideas than is generally supposed. 
The account you give me furnishes another strong proof of 
the necessity of enlarging your scale of docks.” Adverting 
to another scheme on which lie had been consulted, he 
added, “ It is my intention to impress upon the minds oi 
the promoters the necessity for a much larger scale of docks 
than is proposed; and though they may bl.imo me now, 
they will thank mo afterwards; as larger accommodation 
will not only afford great and immediate relief to tin* 
shipping now, but will save the expenditure of much money 
hereafter.” * __ 


* The Prince’s Dock at Liver¬ 
pool was constructed after Mr. 
Bonnie’s plans; but tlio greater 
part of the dock accommodation 
at that port was provided under 
the direction of the late Mr. Jesse 
Hartley. Mr. Haiiley was a 
native of the North Riding of 
Yorkshire, where his father held 
the position of Bridgemaster; and 
his son, after receiving an ordinary 
education, served his apprentice¬ 
ship as a stonemason,Rad worked 
at Jjjfo building of Borough- 
bridgd Subsequently, be tuc- 
oeedpl hiji father as Bridge- 


mader, which ho continued to re¬ 
tain, until his removal to Liver¬ 
pool, when ho received tlio ap¬ 
pointment ot ingineor to the Dock 
Committeo. Dining the period 
in vv hieh he In Id the oftleo of dock 
engineer, Mr. Jiaitley altered or 
entuely constructed every dock 
belonging to the town. Ho was 
aLo engineer to the Bolton and 
Manchester Railway and Canal, 
and consulting engineer for the 
Dee Bi idge at Chester, the cen¬ 
tering for which was considered a 
triumph of engineering skill and 
ability. 
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As early as 1793 Mr Rennie was employ^' 
missidners of British Fisheries to report as 
means of improving the harbour of Wick,—th« 

(capable of affoidmg sholtei for ships in 
of the wind) which was to be found along an 
120 miles of rock-bound coast In his masterly 
boldly proposed to abandon the old system of 
to make an entirely new harbour beyond the bait; 
once getting nd of this great and dangerous ol 
improvement, securing at the same time greater 
water, better shelter, and tho means of easier 
df paituio for vessels of all buidcns 

In order to accommodate the tiado of Wick, he 
mended th it i canal should bo made fioni the new har^Onr, 
having a basin at its teimmation m tho town, where veyaels 
would bo cn ibled to ho it, and to load and unload ai all 
times He llso proposed m offoetivo plan of sluicing, i^feh 
tlio view of sc mi in g flic outu liaibour when necessary* 
It is much to be relief ted that this plan was not 
out and tint so important a national woik has been 
poned almost until oui on n day, nor does tho pl&n 
adopted, though cxutdmgly costly, seem calculat^U^O 
secuio tho objects which would havo been obtained'by 
executing Mi llenmo’s more compicheusivo yet much HtyQTfe 
economical design w _ 

He was consulted about the same time respecting ^he 
l min ovemont of the haihom of Abe ideen, but thohgh$$fi(ftt 
of means then prevented his recommendations from 
acted on, his rcpoit * pioducod a salutaiy effect in 
out tho true mode of dealing; with a difficult SUlnees^lthd 
most of his suggestions have since been cam 
other engineers 

Of still gicater importance was his report on t^ue Jm- 
provoment of tho navigation of tho river Cftyd^li^ihe 


* See Sir John Bennie's 'British and Foreign 0arhO^:ti^*FArt 
“ Abeideeu ” 
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"of the rapidly increasing trade of Glasgow 
[ 4 # river have the alterations, executed after 
plans, been more extraordinary than in this 
fit century ago, the Clyde at Glasgow was a fees-* 
f bo herring-boats, wheioas now it floats down 
tide vessels of thousands of tons burden, 
i pf wrestling with the storms of the Atlantic. Watt 
and Goll>omo had been consulted at different 
/and various impi elements were suggested by them. 

■ laid out a ship-canal fiom Glasgow to the sea. 
>n proposed to eonstitut a dam and lock at Mailin 
SO as to allow vessels drawing only four feet ol watu 
up to the quay at the lUoomielaw. 
clearing out of the channel by aitiBcial means was, 
fSlweVer, found the most effectual method of opening up 
^ho^hvigation of tlie ri\er, and at length all other plans 
ha^e given way to this. Gull torne had run out j< tt it s at 
V'&tiotts points, by which the scorn of the tide had bet u so 
•ifr&tea that considerably greater depth had been seem<cl. 

^ Bennie examined the entire ii\tr below Glasgow in 
9 , ttnd the result was his claboiaie Kpnit of that 3 car. 
^S^recommended numerous additions to the j< ttiis, as well 
ftg txmy improvements in their dm t lion. lie also advised 
that a system of dredging should be commenced, which 
attended with the best possible results; anil the same 
course having been followed by succeeding engineers, 
the, Clyde has now become one of the busiest muigablc 
thoroughfare? in the woild. The plan wliiuh Bennie 
shortly after prepared and submitted, of a range of com 1110 - 
di&ttB dObks along both hanks of the rivei at the BioomnLiw , 1 
Shined his sagacity and fopcsight in au eminent degree; 
blit unhappily it was considered too bold, and perhaps too 
^and it was not then canied out.* 



7J%rfA ’U i 


'^Beanie proposed to form 
^Bi eta the BroomicLiw side 
1350 feet lon a ' 


ftP<l 100 ft it wide, with two en* 
tr.OK’i s, mid another OOOjfiet lone 
and 200 feet wide, with a third 
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At the opposite end of the island he was 
1790) as to the best method of improving the harh^CUT of 
Torquay, and he submitted a senes of able plaits, Only a 
small part of which wore carried into effect. Shortly after 
(in 1797) we find him inspecting the sluicing arrangements 
of the harbour then under construction at Grimsby, when 
ho furnished a plan of the groat lock which it was found 
necessary to placo at the en franco of the canal leading to 
tho dock, and which was in his opinion indispensable for 
scouring the liarlwur entrance and keeping it clear of silt. 
This lock was executed according to his plans by the loqal 
engineer; but it appealed that sufficient precautions hfcd 
not been taken in founding and proportioning tho dimen¬ 
sions of the retaining walls, on which Mr. Ronnie had not 
been requested to give an opinion, the work appearing to 
bo of so simple and oidinary a character. 

Shortly after tho building had been begun, a consider¬ 
able portion of tho lock walls gave way, and Rennie was 
again sent for to inquire and report as to tho cause of th£ 
failure, lie found that tho defect lay in the nature of 
the ground on which the foundation was built, which was 
so soft that it would not bear the weight of solid walls of 
tho ordinary const motion. Always ready with an ex¬ 
pedient to meet a difficulty, lie directed that, without 
diminishing the quantity of material employed, it should 

dock upon the Windmill Croft, on i accommodation, at an estimated 
tho south sido of the river, 300 ! capital cost (at tho time the filau& 
feet long and 200 te< t wide; the , woio made) of only 130/1001 
whole presenting a total length of , What would not Glasgow give 
quayage of 0120 hot, besides a i # no\v to have the benefit of R^nuie’s 
river quay wall 1130 feet long. 1 docks ( Indeed it is remarkable 
This magnificent plan, proposed that, to this day, so little has Been 
more than half a centuiy sinco, dom.* to realize hi > idea, and to pits 
viewed by tho expo lienee of this vide dock accommodation for tho 
day, sliovts how eleaily Rennie trade of tho Clyde, which if flow 
anticipated the commercial growth quito as much needed as tb* same 
and manufacturing prosperity of | kind of accommodation VV8S in the 
Glasgow, foi which these projected Thames at the beginning of the 
docks would have aifoided ample present century. 



Ciup. VIII. - HOLL&? WALLS. 818 

be dwributed over a greater base, for tho purpose ol 
seomiug a larger bearing surface. With thin object b<* 
prepared his plan of the requisite structure, adopting flic 
expedient of hollow walls, which lie afterwards employed sc 
extensively in his pier and harbour works. They not only 
bore Upon a larger base, but were found even stronger 
than solid walls containing an equal quantity of mate¬ 
rial. Those at Grimsby liavo stood firm until the present 
day.- The contrivance was thought so valuable, that 
some years after Mr. Rennio had invented it, Sir Samuel 
Benth&m (in 1811) took out a patent for tho plan; but of 
this Mr. Rennio took no notice, having himself, as we have 
seen, been tho original inventor of tlio process. Indeed, 
his attention had long before this time been directed to 
the best form of walls for resisting the pressure of water j 
and, as early as tho year 1793, wo find him recommending 
the adoption of curved walls, in place of tho inclined 
straight-faced walls with perpendicular back, as formerly 
adopted.* 

Another important harbour on which Mr. Rennie was 
early employed was that of Holyhead, situated at tho point 


* The occasion on 'which this 1 
plan was first recommended was 
m Mr. Ronnie's report (17iW) on 
the Hutchison Bridge across tho 
Clyde. That bridge, erected by ( 
another engineer, fell down on the 
removal of tho centres, on which i 
Mr. Rennio was sent for, pout 
haste, by tho Lord Provost and ( 
magistrates of Glasgow, to confer f 
with them on the subject; and his 
advice as to the rebuilding of the 
bridge oh anothor site was subse¬ 
quently adopted. It appeared, 
from ah inspection of the mined 
piers, that a breast or quay wall 
b ad jbeeh built on the south side 
of tbd river, end to the west of the 
bridg^ which had not been exe¬ 


cuted according to contract. Thu 
report stated:—“The above walls 
should be enlarged in their di¬ 
mensions and altered in their con¬ 
struction ; they ought t<> be carried 
at least to the level of the river 
bed, and made five feet thick et 
tho base nest to the bridge, and 
four feet thick at the top, battering 
one-fifth of their height in a enr- 
vtihuar form , tho beds of the 
stones being ratliatnl io the centre 
of the curie; as tin* height lessens, 
the dimensions of the walls may 
bo diminished in the same pro¬ 
portion, and, if built as above 
described, I have no doubt of tlie 
works being permanent.” 
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of the island of Anglesey nearest to the Iffii SWIftte l 
Although so conveniently placed for purposes'^ 
tion, everything had as yet been left to nature,£ 
only provided plenty of deep water and many 
But Holyhead had neither pier nor jetty, nor M 
venienco whatever adapting it for harbour uses* v 
the place was almost inaccessible from inland by" 
narrow, rugged, and in many places almost px< 
roads. Tho dangerous feiries at Conway and Hi 
presented serious obstacles to travelling by that l is 
and hence tho port of Liverpool, and Park Cate on‘ , *the 
Deo near Chester, continued to be tho principal*pledge, of 
embaikation for poisons proceeding to Ireland, until the 
beginning of tho present century. ' v 

"When tho Act of Union was passed, tho Govemfai(jht 
deteimined to biing the two emmtiies into closer com¬ 
munication with each other; first by means of conytem&ftt 
roads through Noitli Wales, and next by capacious 
boura at Ilolyhcad on tho one coast and at Ivingstoifci£ 
tho other. In the >ear 1802, Mr. Bennie was reque&tajl^ 
repot t upon the* subject, and he proceeded to Wales 
purpose of examining tho Conway and Monai feryj 
the capabilities of Holyhead as a port. It wos*0Xt 
occasion that he i< commended the construction of the;per¬ 
manent fixed biidgcs aeioss both Straits after th 0 t 
aheady referred to. Nothing was, however, done tff 
carrj ing out his suggestions, and the whole question, 
until tho year 1809, when ho was requested by 
incut to propaie plans of a haibour at Holyhead^ 
first stop towaids tho desired^ improvement; and hif 
having been appioved, tho works were begun ity.- 
lowing year. 

The foira of tho harbour of Holyhead ha^ 
mined, in a great measure, by the cliffs whioJlS 
tho sea, and on tlio vci^e of which stand 
church and cemetery of tho town. The wujM^f 
by Mr. Bcnnio consisted of a pier 1150 






Chap. 





HOhfHEAD HARBOUR. 


Sift 


tion neaily due oast from the inner side 
which is sepai a ted by a narrow channel 
tin island of Holyhead Tho piei teimmatod 
of aboirt 14 feet at low water of spnng tides 
it distant from the ox(iunity of tho main pier 
a jetty 60 foot long, carruxl out at right angles 
inner face, to chock any swell which might tome 



rounff the pier-head fiom entering tho haibour, and to 
thrift. ji upon the opposite shore Iho roadway was 
50 A£^ide, and 8 fc< t above tho level of high water of 
the parapet being 7 feet higher. The outer 
the pier was fonfted by a flat paved slope 
J^itone, laid at an mclmition of 5 to 1 The 
curved on the fice ono-fitth of the height, 
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the thickness of the masonry being 10 ffi&t Ujfq*T the 
average, strengthened at the back by strong Owmtfer^ts, 
at the regular distance of 15 feet apart. The foundation 
of this wall was laid below low water by means of long 
stones, inclined to each other, in the same manney as at 



Holyhead Harbour [By R P Leitcb ] 


Howth Harbour, where the plan had boen found to answer 
remarkably well. The centre of the pier was composed 
of loose rubble, taken from* the adjacent shore, packed 
solidly ; the outside being paved with large angular blocks 
varying from one to ten tons in weight, well wedged 
togotlier. The inside of the parapet was built of solid 
masomy. The pier-head and jetty were founded belcw 
low water by moans of tfie diving-bell. The works were 
begun m 1810 and finished in 1824, and during their' pro¬ 
gress a small pier was run out from the Fibeo rooh k on the 
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opposite shore, 550 feet long, leaving an opening between 
it a$d the* main pier of 420 feet. This pier was providod 
witlt ajetty on tfte inside, similar to that on the main 
pier*. Composed of the same kind of materials, and finished 
in like manner. Within it was a small dry dock for mer¬ 
chant' vessels. The total low-water space covered by tlieso 
two, piers was about six acres; but there was more than 
double that area at high water, besides a largo shallow 
space^of about thirty acres for timber. 

>In conformity with his usual practico, Mr. Ronnie so 
lai&bUt this Jiarbour as to bo capablo of extension on the 
same principles, according as the trade of the port might 
require. Part of his original design was to dovoto a largo 
space in the inner portion of the bay, which is dry at low 
wattej*, to a wot dock of acres. Had this boon earned 
out, it would have proved of immense advantage to tlio 
numerous land-bound vessels which liavo occasion to put 
into the port. His original plan also contemplated a piei 
extending from the outer end of Salt Island, parallel to 
the one above described, 1500 feet long, terminating at a 
depth of 25 feet at low water; and as it would have been 
about 1400 feet distant from tlio otliei*, and was to bo pro¬ 
vided with a jetty at right angles to its extremity, it 
would have provided an additional hiw-water harbour of 
40 acres. The estimated cost of this work was 210,000/.; 
and if to this be added the probable outlay on the addi¬ 
tional wet dock above mentioned of 124,000/., it will bo 
found that a total low-water spaco of 40 acres, and an 
additional tidal spaco of 25 acres, together with a wot 
dock of 23 acres, or a total floating area of about 94 acres, 
with an ample extent of quay accommodation, sufficient 
for any amount of packet or general commercial business, 
would have been provided at a comparatively moderate 
expenditure. 

Unhappily Mr. Rennie’s plafis were not carried out; 
and?lhougfr his original design admirably answered the 
purple intended, and the whole of tho packet service was 
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satisfactorily performed at $he old port 
when an extension of Holyhead Harbour w 
upon, the Government (alter Mr. KSmiiers 
ployed an engineer who* proceeded upon an 
plan, tho execution of which, when completd3^ ; 
bably cost upwards of two millions sterling; 
all, when the rocky and bad nature of the hdlcfcin^ 
within it, is taken into account,* its security qndjhon- 
vonienco are still matters of considerable doubt ^Ongst 
naval men. 

During the period in which ho was engaged in'ojwjng 
out tho works at Holyhead, Mr. Bennie Was jsdfl^Jebn- 
structing haihours at Howth and Kingstown," With the 
same object of facilitaring the communication between 
tho ports of England and Ireland. Howth Harbour'was 
oponed for packets in 1819, picvious to which time tjiey 
had sailed fiom the Figoon House, at the mouth of the 
Liffoy, in Dublin Bay. When tho piers at Kingefit ton 
Harbour were sufficiently advanced to bo available MS 
service, the packets wcio removed to that port, ihd 
of watrr being gicater, and tho situation on the^Wl^le 
moie convoniont.t ^ 

Among tho other haiboui woiks constructed bjPlIr. 

-—- u 


11 It will bo remonbued that 
the ‘Gieat Eastern’ was ncaily 
wi coked in consequence of tlio 
bid hold mg-gi mind within the 
new haiboui in the yoai 1859 
t Mi Rennie's plan of Kings¬ 
town Haiboui coubibt< d of two 
piers ot foui aims each earned 
out fiom tho shoie 3700 feet 
distant from each othci, then 
hi ads inclined mwaid& ut an nnglt 
ot 12 1 dogbees, and teiiumating 
in a depth of 26 feet at low water 
ot spang tides The width k be¬ 
tween tho outci angles of tho two 
outei aims of the pier was 1150 
feet, the entiance pointing N.E. 


$ E The total 

was 250 acres. The WSmmW&e 
commenced in 1817* *#rst 
stone bung laid by the ®j#i of 
Wlntwoith, tho Lord Lietitf^Uint; 
und tho woiks were stSJl id* pro- 
guss at Mr Rennie's dgftth in 
1821 The haibour suhs^peatly 
i< 11 under tho jurisdi&ti&t tpi tho 
lush Boaid of Wotkaj all 
soits of now plana jw^ ^fe pted 
at vaiiauco with thp a. do* 
sign of Mr. Renpfo, 
out which it is to ^umfPruiat 
tho harbour has 
injured. 
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were tlic Hull Docks. These were o i 
gr6«^^P»%ai3L0e, and urgently required for tlio accommoda- 
ttj B ft ^rg e °f that rising port. What is called 
thWJfiqfpVGr Dock was begun in 180.1 and finished in 
18$8^ "The principal difficulty encountered in the oxecu- 
tionjf these woiks was in getting in the foundations of 
th^pajk walk—the bottom presenting a great depth of 
sofFMud. They wero set on timber piles and platforms 
w$f $ound together, with truncated arches of stono over 
tfy&tf, A powerful steam-engine was employed to draw 
from the coffer-dam in front of the Ilumbcr 
etf$t&$ce> to onablo the foundations of the cill to bo got 
in,f AtS&' the lock gates (which wore of stout oak) to be 


!iu ^as in the course of executing tlio Hull Harbour 
that Mr. Ronnie invented the dredging-machine, as 
it:is now used, for the purpose of dealing the basins oi 


it^td apd silt. Various unsuccessful attempts liad before 
‘beteft r made to contiive an apparatus with this object. A 
series Of rollers, armed with spikes to rake up tlio deposit, 
fallowed by buckets and spoons to lift it from the bottom, 
worked by means of a walking wheel between two barges, 
Was the most common piactico; but it was clumsy, tedious, 
and inefficient. Other machines foi a cmiilar piuposo were 
djtfy^n by tread-wheels. At length the idea was taken up 
of/fbizftg a series of buckets to an (ndltss chain, worked by 
hof^ power. Mr. Rennie careful 1 > imestigated all that 
had’previously been attempted in this direction, and then 


proceeded to plan and construct a complete diedging- 
mftohino, with improved machine!y, to which lio yoked 
th^j^pwer ef the steam-engine. lie was thereby enabled 


t r 


sriqckis 900 feet long by 
m ft covers a surface 
tfUs, and is capable ot 
seventy sail ot 
jgged vessels. The on- 
e&wnunicating. with 


the tidal hni hour opening into the 
Ilumbf i is 42 feet wide and 158 
ft jL hug between the gates, with 
the cill laid 0 feet below low 
watci ot spring tides. 
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to rai&o as much as 300 tons of mud and .gram 111 a day 

from a doptli of 22 feet; and tho expedient pungg^,tom- 
nlotely successful. ' * 

The same kind of machine was extensively by* 
Mr. Kennio in executing his various harbour works, One 
of these, constructed for the excavation of the, TerryXJock 
at Blackwall in 1802, was furnished with a pojpul 
apparatus for splintering rocks and large stones, wjaich 
could not otherwise be removed; and it answered the 
purpose most effectually. In the Clyde, the Thames 
the Mersey, and the Witham, as well as in various foreigr. 
rivers, the dredging-machine, as contrived by Mr. Bennie, 
lias been found invaluable; and there is scarcely a pdrt or 
harbour in tho United Kingdom in which it has not boei 
most beneficially employed. 

In addition to thebe docks and harbours, Mr. Bennie 
furnished tho plans of tho now quays and docks at 
Greenock on tho Clyde in 1802; and those at Leith, the 
port of Edinburgh, in 1801. Neither of these schemes 
was cariied out to the full extent, chiefly for want of 
funds; but the improvements effected at the former port 
were considerable, and at Leith two large docks, 1500 foot 
long, and two small ones, 750 feet long, constructed along 
the slioro between the old tidal harbour and tho village of 
Newhaven, provided a largo amount of additional accom¬ 
modation for the growing trade of tho port. 

Mr. Bennie was also consulted in 1805 respecting the 
impro\cment of Southampton; and tho measures which 
he recommended in his elaborate and able report, formed 
tho beginning of a series of woiks of almost national 
importance. Mr. Bennie’s clear-sighted prognostications 
of tho future prosperity of the port - arising from its great 
natuial advantages in respect of security, capability of 
extension, the excellent anchorage of Southampton Water, 
tho central situation of the placo on the south coast, and 
it 8 moderate distanco from London— have bfeen amply 
fulfilled; its subsequent connection with the Capital by 
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railway laying given an impulse to its improvement and 
beyond what even his sagacious mind oould 
at th%h tibae have foreseen.* 

In bis .harbours, as in all his engineering works, Mr. 
Rennie proceeded upon certain definite principles, which 
he arrived at after a careful study of the whole subject. 
He wgfe'avetse to all makeshifts and temporary expedients. 
When he was asked to give his advice as to the best means 
of rendering a harbour offieient, ho stated his views fully 
and conscientiously, holding nothing in reserve. Ho set 
forth the wholo cost which he believed would he incurred, 
and no less. He abhorred setting traps in the shape oi 


* It would occupy much space 
to mention in detail tho various 
harbours hi the United Kingdom 
which Mr. Rounio was employed 
to examine, report ui>on, aud im¬ 
prove ; but the following summary 
may suffice:—In England ho ex¬ 
amined and rejrortod on Rye 
Harbour (180J); Dover (1802); 
Hastings projected Harbour (180(5), 
Berwick, whoio he constructed 
the fine pier at the mouth oi the 
Tweed, 2740 feet in length (1807) ; 
Margate Harbour (carried out 
1808); Liverpool Docks, on which 
ho made an elaborate report 
(1809); North Sunderland (1809); 
Slioreham (1810); Newlia\en 
U810); Harbour of Refuge in tho 
Downs, north of Saudown Cub tie, 
on which ho made a careful report 
(1812); Prince’s Dock, Liverpool, 
of which he furnished the dr signs, 
(1812); Bridlington (1812); Sul- 
mouth<(18l2)r Rye, a second re¬ 
port (1813); Blyth (1814); Ram¬ 
sey, Isle of Man (1814); Poit 
Leven. Mount’s Bay, Com wall 
(1814) i ; Bridgewater (1814); 
White&tfeu (1814); Scarborough 
'1816);.fbe improvement of the 
barigwum of the river Tyne 


(181(5); Yarmouth (1818); Fish¬ 
guard, Waifs (1819); Kidwelly, 
Wules (1820); and Sunderland 
I (1821). lie nlso suggested various 
1 improvements, many of which 
were carried out, in the following 
harbours of Scotland, besides those 
above mentioned:—Loch Buy, 
Isle of Skye (1793); Port Moho- 
uuek, ncai Tuibet Ness (1793); 
Kirkcudbright and Saltcoats 
(1799); Cruigmore, in ar Boiottgh- 
stonesM (1801); Moiitio^e (1805) ; 
Ayr, wlnio tin* improvement- 
lecomimTided by him wore eartn*rl 
out (1805); Peterhead (180(5); 
Fiazei burgh, only partially carried 
out (1800); Cluulestou (1807); 
Allon (1808); St. Andrew's 
(1808); Portnessock, Calloway 
(1813); Ardms<-an (1811 anil 
1815); and Portpatiick (1819). In 
♦ike manner lie v\ a*, consulted, and 
repoitcd, as to the following Irish 
haibouts:—Wcstpoit (1805); Ar- 
dntglass (1809); Dublin (1811); 
Balbiiggan (1818); Donaglmdee 
(1819); and Iielliist (1821). He 
was#dso consulted respecting dry' 
docks at Malta (1815), and a har¬ 
bour and docks at Bermuda 
(1815). 

Y 
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low estimates, to tempt men to begin mpdi 
lie knew that they would bo exceeded. Jffcl 
whole truth. “ You want a harbour,*' he vt _„ 
such strength as ter be safe, with piers &l$|f J 
greatest possible £ 01*00 of the sea. Well, 

T recommend: it is the best that I can 
cell you the wholo cost which I think will 
in its construction. Adopt the plan or not, if* 
proper.’* 

He would never consent to reduce the strong 
piers*and lctaining walls, under the limits ^ 
thought essential for their stability. He would 
his ieputation and character upon slop-work j 
rather lose his chance of employment altogether 
so many of liis large but effective designs for the . , 
ment of our most important haibouis remained une$$5^ted, 
or have been only canied out to a limited exterit^t&pie-' 
times by engineers who had not mastered tho funda&^ltal 
piinciples on which Ins plans wero founded, and in a 



manner as frequently to lead to vast inconv 
almost endless expense. 

In his repoit on tho Hail of Elgin’s proposed*, 
at Charleston, on tho noith shore of the Frith 
in the year 1807, ho very clearly laid down 
piinciples on which he hold that such workg* 
designed: *■ Eveiy haibour,” ho said, “should 
stiuctcd as to havo its mouth us much exposed fist 
to f he direction from whence vessels can most 
enter in stoimy weather, when tnoy are least 
but tho Heads should be made of such a form 
j>f tho least sea entering it, or so as to o< 
hwell within the ha\en as possible. This 
practicable construction, be entirely avoid 
should be pro\ided within the harbour so 0$ 

1 oeoil of the waves to a l *minimum,—for it jk" 

01 lotiring sea, after the Li caking of a wft 
vusels most unmanageable by causing the’! 


^Cnd 





a time the uanner is at a lobs what to do, 
jjm&p&go his 'vessel, and ioi the want of due 
iheife particulars, many of tlio mobt consider* 
harbours in tlio kingdom are exceedingly 
access, and some of them are most unsafe oven 
The great poilit, lie lu Id, was not only to 
■hour to keep out the sc% but to do so in such a 
to tendoi its entianco from the most exposed 01 
a quartei easy in btoimy we itlu 1 , w hen its bhcltor 
t needed, and while it mubt bo bo designed as 
a safe shelter loi shipping, it must also bo safe 
and safe to got out of * 


a) 

Wi 


the following brief do¬ 
it Will b© observed how 
he carried out tlieso 
faying out the intended 
Charleston Ho pro- 
t&oonstiuct twogieut pieis, 
biftebl*oedat thewcstuncxtioimty 
of inlet, to which a rul- 

being laid clown—the 
hi extending out waids 
9&&yards, fiom which there 
tato-tWo kauts of about 64 
the last going 57 yaidb 
iew-W&ter maik From 
was to be a return 
t 70 yards* long, in a 
considerably to the north 
of At 50 yards fiom the c x- 
traUglYp? thiA pnnyauothei ot the 
sank* ktajftih was piopewtd to be 
mad^fljmfng an angle with it ot 
aboub^MSff degrees, with two other 
kanttHmtdhiirtC the foimer, and a 
extending to the 
entrance being 50 
tj^id the outer arm oi 
‘ Seat pier making an 
"degrees with it, so 
outer arms made 
each other A 
d thus be enclosed, 
would make a 



voiy commodious and capicimuf 
hubour “By the above con- 
hti uetiou," ho sivs m hs lepoit, 
“though it nuy seem that its c\- 
p suit will idnut of the swells 
tin n tho south iml south west 
getting into the hmbotu, yet when 
it is consideicd th it tho angle it 
which a wave wdl stuke the 
Heuls will occasion i lobound m 
i binulir angle to tint m which 
it is stmek, uul is this w ill bo 
tlu c w from e ich Ht id, it loll >ws 
tll it the so i e Heoted w ive s, me 1 1 mg 
cull otliet, will occasion a usist- 
aneo which will have tlu efhet 
ot pie venting a eonsideiabk | irt 
of the bea w iv o fiom cnttriu b tho 
IluImjui, incl wliit docs entti it 
will expend its fuiy on the flat 
lx uh within md soon beeomo 
quiet ” Ihis might he added, he 
iiu i gieat me isiue prevontedbv 
extending the pier-lie uls fuithoi 
scaw u d I>ut whit h the lai go addi¬ 
tional e\] eiibc pice lude d him from 
lccninmcudmg and, indeed, there 
would always be ubundmt shelter 
for#the shipping undei one oi 
other of the pu i heads Besides, 
as the Frith was only ibout two 
milcb wide at the place, the probo* 

T 2 
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That so many modem harbours, constructed aV great 
cost, are found comparatively inaccessible in severe 
Weather, is, wc believe, to bo accounted feir mainly by the 
circumstance, that they have been laid out after no ( definite 
rule or principle whatever. If thoy succeed, H is the 
result of a happy accident; and if they fail, it is sup¬ 
posed that the failure could not have been helped, liven 
within the last twenty years several expensive haVens 
have been constructed, which have proved to be so 
dangerous that they can scarcely bo used. But by Hr. 
Ronnie’s forms of piers, vessels, if they have only steerage¬ 
way, must enter tho harbour in safety. Thoy cannot strike 
on tho pier-heads, and, if ordinary care be used, the very 
Yecoil of the waves forces them forward into port; 
and, as any swell which might enter would have ample 
space to expend itself, the ship could either be brought 
up, or take the beach without damage if necessary. 

Again, a sailing vessel, on ha\ing tho harbour, sup- 
posing tho wind to be blowing right in, could lie out Upon 
either tack and make an offing, if it wore prudent to put 
to sea at all. And although the narrowed distance be¬ 
tween tho two pier-1 Loads might be termed the entrance, 
yet in effect it is not so; for the moment the vessel gets 
within the outer angles of tho two return arms or kants, 
she may bo said to bo in or out of tho harbour, as the 
on so may be. In this way the fullest width of entrance 
and tho smallest space for the admission of swell are 
ingeniously and effectually secured. 

Whilst occupied, on the works of tho Ramsgate ftarbour, 
of which he was appointed engineer in 1807, Mr. Rennio 
made use of tho diving-bell in a manner at once novel 
and ingenious. It will bo remembered that Smeatoh had 

bibty w vs that there would bo no we merely quote therepofr^ because 
mu h heavy beast as to nuukt. ho of the valuable principles to be 
cxpuisno *a measure lueesbary. observed in the construction o* 
The plan was, however, eariied harbours, which are here so clearly 
out to only a limited extent, and enunciated. 
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Ctup. VIII. THE DIVING-BELL AT RAMSGATE. 

employed this machine in the operations connected with 
the building of the harbour; * but his apparatus being 
wood, was exceedingly* cltimsy, and 'v ery limited in its 
ufies. ' ’lb that state Mr. Reimio found it, when he was 
employed to Oarry on the extensive repaiis of 1813, The 
east pier-head was gradually giving way and falling into 
the e£s, at its most advanced and important point, h o 
time was to be lost in sotting about its repair; but from 
the peculiarly exposed and difficult nature of the situation, 
this was no easy matter. The depth at the pier-hood was 
from 10 to 16 feet at low water of spring tides; besides, 
there was a rise of 15 feet at spring and 10 feet at neap 
tides, with a strong current of from two to three knots an 
hour setting past it both on tho flood and at the ebb. Tho 
work was also frequently exposed to a heavy sea, as well 
aS to the risk of vessels striking against it on entering or 
leaving the harbour. 

Mr. Bennie's first intention was to surround tho pier¬ 
head'by a dam; but the water was too deep and the situa¬ 
tion too exposed to admit of this expedient, lie then 
bethought him of employing tho diving-bell; but in its 
then state he found it of very little uso. No other mode of 
action, however, presenting itself, ho turned his attention 
to its improvement as tho only moans of getting down to 
the work, the necessity for repairing which had become 
more urgent than ever. Without loss of timo he proceeded 
to design and construct a boll of cast iron, about 6 feet in 
height, *4J feet wide, and 6 feet long, having ono end 
rather thicker and heavier than tho other, that it might 
sink lower, and thus enable ^io exhausted or breathed air 
more readily to oscape. 

4 t the top of the bell, eight solid bull’s-eyes of cast glass 

were fixed, well secured and mado water-tight by means of 

leathern and copper collars covered with white lead, and 

firmly eeoured by copper screw Ibolts. To the top of the 
+ 


K 


* See Life of Smeaton, p. 159. 





inside were attached two strong chains fd>r 
fastening to them any materials that might, 
the work, and flanges were cast along the 
on which two seats were placed, with footfe# 
use of the men while woikmg. In the centtfH 
was a cncnlar hole, to which a biass-screwed*! 
firmly fixed, and into this a brass nozzle Was 
having a lcatlicin water-tight hose fastened to if,, 
in diameter. The hose was in lengths of abptrc^S Ifeet, 
with hi ass screwed nozzles at each end, so that he 

lengthened 01 shortened at pleasmo, according to thfedspth 
of watei at which the men in the bell were working? * 

Foi the purpose of duly supplying the machine *If^ith 
air, a doublo air-pump was provided, which was w&ffced 
by a sufficient nuinbei of men. The aii-pump ^yaejeon- 
nectod with the hose rcfciiul to, and was either plaoMLon 
the platfoim above 01 m a boat which constantly 6ttdra|d 
tho bell whilo undci water. Two stout wroughts^Mp 
lings wcio fixed on the top of the machine, to which Jtofes 
01 chains woio attached foi the pm pose of lowetmgjbr 
raising it Tho whole weighed about five tonsj ajpLit 
was attached to a cnoular fr imc work of timber, ftirCp| 
ened by iron, erected over whero the intended firm 
piei-head was to be built, and so fixed to & pivot pear the 
centie of tho woik, that it was enabled easily to 06 
its outer limits. 

On tho top of tho fiamowoik was a truck, made t<> 
backwaids 01 forwards by means of a rack on thS£ jf 
and a corresponding wheel piovided with teeth, y#j|tked 
by a handle and pinion. Op the truok were pl^oefi^^twc 
powciful double-purchase crabs or windlasses^ SSs^fot 
working tho diving-bell suspended from HM'*' 
othci for lowoiing stone blocks or other matelfwi^l 
foi carrying on the operations at the bottpm^Ofv; 

By these ingenious expedients tho building ajr 
bo contrived as to move all round the 
wards and forwards, upwards and down' 
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^TOlveould be approached and handled , 
Xno matter at what depth; while the 
Piped on the pier-head above could at any 
^without descending, whether the builders . 
g in the right direction, as well as the 


, F ,J$ which they were at work. 
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■■- , • Method of using the Diving-Bell. 

' being in readiness for commencing opora- 

ticMp^^KSiyers. entered the bell and were cautiously 
place at which tl«o building was to proceed, 
washes tablishod by which the workmen 
striking the side of the bell a certain 
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number of strokes with a hammer, whether $hgj^ fished it 
to be moved upward, downward, or horizontallyand also 
to signal for the descent of materials of any kind; By 
this means they wort enabled, with the assistance $f the 
workmen above, to raise and lower, and place in their 
proper bod, stones of the heaviest description i and b£ re¬ 
peating the process from day to day, and from week to 
week, the work was accomplished with as much exactness, 
and almost as much expedition, under water, as thoCgli it 
had been carried on above ground. 

Thus the entire repairs were completed by the 9th of 
July, 1814; and to commemorate tlio ingenuity $nd skill 
with which Mr. Rennie had overcomo the extraordinary 
difficulties of the undertaking, the trustees of the harbour 
caused a memorial stone to bo fixed in the centre of the now 
pier-head, bearing a bronze plate, on which were briefly 
recorded the facts above referred to, and acknowledging 
the obligation of the trustoos to their engineer. They 
also presented him at a public entertainment with a hand¬ 
some piece of plate in commemoration of the successful 
completion of tlio work. The diving-bell, as thus im¬ 
proved by Mr. Iiennie, has since been extensively employed 
in similar works; and although detached divers, with 
apparatus attached to them, arc made use of in deep-sea 
works, tlio simplicity, economy, and expeditiousness of the 
plan invented by Mr. Rcnnio, and afterwards improved by 
himself, continue to recommend it for adopticu in all 
undertakings of a similar character 



( 329 ) 


CHAPTER IX. 

f 

M& Rennie's War Docks and other Government Works. 

From am early period Mr. Ronnie's eminent practical abili¬ 
ties pointed him out for employment in tlio public service; 
hnd he was consulted by the Ministry of the day more 
particularly as to the machinery used in tho Government 
establishments, as to tho formation of royal dockB, and the 
construction of breakwaters. At tho recommendation of 
Mr. $meaton ho was called upon by tho Victualling De¬ 
partment of the Navy to advise them as to the improve¬ 
ment of their flour-mills at Rotherithe, which wero worked 
by the rise and fall of the tide; and tho mannor in which 
he performed that service was so satisfactory, that it led 
to his advice being taken on other subjects, some of which 
might at first sight be supposed to lio beyond the range of 
engineering experience. 

Great alarm prevailed in 1803 as to the warlike inten¬ 
tions of the French, who threatened to invade England. 
The i Moniteur * and the ‘ Brussels Gazette ’ wero openly 
speculating as to the time that it would tako for the 
French army to reach London. It therefore behoved 
England to be upon her guard. All the possible lines of 
approach from the coast to tho capital wero carefully ex¬ 
amined ; and it appeared to military men that tho casterli 
side of London was tho mo^fc accessible to the advance of 
an enemy landing near tho mouth of the Thames, or on 
the Essex coast. Mr. Rennio was employed, to examine 
the valley of the Lea, to ascertain whether means could 
be devised for suddenly laying it under water, if necessary, 
to check the approach of a hofiftle army from that quarter. 
After careful consideration, ho laid before tho Government 
a plan with that object, which included a series of dams 
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furnished with sluices,—one 4 at the 
with the Thames, another across the valley a 

third at Temple Mills, and others higher up as 

far as Amwell. The$e were contrived so that AfpjjgiBm 
should bo penned up, and the valley flooded at ft|||g|&he 
works were, however, only partially carried 
dams were formed abovo Bromley, with jetties 
points to increase the current; but happily the w$§3||ve 
works wore never required, Napoleon’s warlike az&jp^en 
raving shortly after become diverted in another d^-^fcn. 
But again, about 1806, when Napoleon's legions^Were 
assembled on the heights abovo Boulogne, and all his 
flat-bottomed boats were in readiness to receive them, 


further steps were taken to defend the south-east $o&st 
from the expected invasion. Martello towers were er&fcted 
along the coaBt fiom Folkestone to Beachy Head; andh^dng 
the other moans adopted was the formation of a 
canal from Sandgate to Bye, the designing of which w$s 
entiusted to Mr. Bennio In a letter to Mr. Boult$&1(jf 
Biimingham, dated the 22nd May, 1806, he observes {gi* 
“You may possibly lemcrabor that from the cliflk wastr pf 
Sandgate, to a place called Cliffcnd, about three miles W3)j»t 
of Byo, in Sussex, there is an extensive marsh, whicif laCs 
along the sea-coast, composed of Romney Marsh, GtdJ&ford 
Marsh, the Mead, Winchcl&ea, and Pet Levels, all of which 
make about 60,000 acres.* On the interior site of the 


marshes the country rises suddenly to the height of* fcolae 
100 to 150 feet. A canal, about thirty miles in extent, is 
now being constiucted, and is indeed nearly finished, round 
the marsh, and at the foot of r tho high land. This ^j£nal 
is 60 feet wide and 9 feet deep. It is defended 04 th^&nd 
side by a ^fxong lampart with bastions which m mK' it 
from end to end. Within the rampart, them is ja wide 
military road on which artillery can he tranSpOTtf^jwith 
great expedition, under c&ver of the rampart, X me- 

bastion to another, as may he required. Th<| ** 


* See Descriptive View of Romney Marsh, vot i, ^ 
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^^i|edj®OAl are all temporary, and may be brdkefi 
do^P^£^‘^|>proacli of an enemy.” 

, Je was also consulted as to tbo best site for a 
loBftSBWfejbarbour on the south-east cbast, for the purpose 
. ^dating frigates to watch the opposite shoro. His 
0fa& in favour of Folkestone as the best site for such 
$^re a ridge of rocks outside its thon small tidal 
unusual facilities for the formation of a haven 
of accommodating vessels of considerable burden, 
jrft was not, however, carried out, and Folkestone 
is now devoted to more pacific purposes.* 

Fulton proposed the scheme of hiB famous torpedo 
for^l^i^ing up ships at sea, by stealthily approaching 
themy^ader water, Earl Stanliopo made so much^noise 
abotre’dt in the House of Lords, that a commission, of 
Bennie was a member, was appointed to in- 
vc^fpita its merits. Little importance was attached to 
Fd|ton'S pretended “ invention ; ” nevertheless it was 
dct^nlned to afford him an opportunity of exhibiting the 
powbrs of his ipfemal machine, and an old Danish brig, 
riding in, Walmer Koads, was placed at his disposal. He 
succeeded, after an unresisted attack of two days—duinig 
winch, he had also tho assistance of Sir Homo Fopham— 
in tftov^fng up tho wretched carcass, and with it his own 
pretehSions as an inventor.f 


* hfr. Bennie seems to have 
been frequently in communication 
with the military authentic k of 
the day on Warlike matters Thus, 
he was applied to for a 4 
gan ^workmen to piocccd to 
Flu g^dnring the unfortunates 
expedition, to assist m 
the piers, floodgates, 
\ of that port; aftoi 
*whifch they returned 

ie had a very mean 
ilton, regarding him 
traded upon the 

vi * 



inventions of others. He consi- 
dered that little merit belonged 
to him m regard to the invention 
of the steamboat Thus, Jonathan 
Hulls, Miller ot Dalswinton, and 
Symington had been at work upon 
tho invention long before Fulton. 
Fulton’s alleged mv< ntion of cast- 
non bridges was not more original. 
Writing to Mr Banow ot the Ad¬ 
miralty, m 1817, Mr. Kenuie 
says —“ I send you Mr. Fulton’s 
book on Canals, published m 
1786, when ho was in England, 
and previous to his application ui 
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Among'other subjects on which we fihd v Mi^|^(S)abie 
consulted by the Government authorities, 
provcment of the machinery of the Waltham "E^>wder 
Mills, especially as to the more economical appH^&jbk of 
the water power—the fixing of moorings in the tideways 
of the royal harbours—the clearing of the Thames ha^ont 
of Woolwich Dockyard pf its immense acoumula^ptt of 
mud—the erection of a quarantine establishment in" the 
Medway*—the provision of wet docks for the Boyal'5f&vy 


the steam-engine to the working 
of wheels in boats. On the de¬ 
signs (as to bridges, &c.) contained 
in that book, his fame, I believe, 

{ )rincip?Llly rests; although he ac¬ 
knowledges that Earl Stanhope 
had previously proposed similar 
plans, and that Mr. Boynolds of j 
Coalbrookdale in Shropshire, had 
actually carried them into execu¬ 
tion ; so that all the merit ho lias— 
if merit it may be called—is a 
proposal for extending the prin¬ 
ciple previously applied in this 
country. The first iron bridgo 
was erected at Coalbrookdale in 
1779, and between that and the 
publication of Fulton’s hook in 
1796 many others were erected; 
so that, in this department, he 
has little to boast of. I consider 
Fulton, with whom I was person¬ 
ally acquainted, a man of very 
slender abilities, though possessing 
much sclf-confidence and consum¬ 
mate impudence.” 

* The quarantine establishment 
of the port of London was then 
situated at Stangate Creek, which 
joins the Medway about two miles 
above Sheerness. It consisted of 
several old two and three-docl^r 
hulks, into which goods were 
placed. Passengers while per- , 
forming quarantine might well j 
fret and fume at their detention, 1 


having before them a mofefc unin¬ 
teresting prospect—a wide extent 
of fiat marsli-land, with a fringe 
of mud at low water. A small 
vessel of war was stationed at the 
entrance of the creek to prevent 
infringement of the regulations. 
The annoyance caused by'this 
establishment was very great, and 
it was more and more complained 
of as our foreign commerce ex¬ 
tended. On several occasions, 
vessels filled with passengers, 
having accidentally run foul of 
the ships performing quarantine, 
were compelled at once to heave- 
to, and undergo two or three days' 
detention before they couldhp re¬ 
leased. To diminish this evil, 
the Government determined, to 
erect a permanent quarantine es¬ 
tablishment about three miles up 
Stangate Creek, at a place called 
Chetney Ilill, a small rising 
ground situated in the marshes. 
,Tt was proposed to isolate .this 
hill by a canal, provided-with a 
lock; and Mr. Bennie was re¬ 
quested to prepare the requisite 
plans, which he did (in l80fl), and 
the works were etecu^edvat a 
heavy expense; but,‘if#^filieve 
they were never usedL anCfhe old 
hulks continued to n# wi^toyed 
until the final aband<^m&p£. of 
the quarantine system. V ," 
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at the 
lie was 

A, ^mmission o£ Civil Officers of the Navj’ was ap- 
poioted;; in 1806* to consider the best means of turning 
out from the dockyards with tlio greatest despatch 
and |conomy. Private manufacturing establishments wore 
then a. - long way ahead of tho Government yards, where 
methods of working, long abandoned everywhere else, still 
continued in practice; and to call a mechanic or labourer 
on th|> Thames “ a regular dockyarder ” was to apply to 
him the lowest term of reproach that could bo used. 
Foreign governments were introducing steam-engines and 
the most improved kinds of machinery, whilst our 
Admiralty were standing still, notwithstanding the war 
with France, which called for more than ordinary despatch 
in the building and repairs of ships of war. 

In Hr. Rennie’s report to tho Commission, ho incidentally 
mentions mechanical appliances which ho was engaged at 
the time in manufacturing for exportation. “ I am erect¬ 
ing,” he said, “a steam-engine for tho royal dockyard at 
Copenhagen, for tho purposo of blowing all the bellows 
in the smithies, and another for pumping water out of 
the docks. I also understand they moan to construct 
ma<?hi$ery there for forging anchor-palms and other largo 
iron work. Rolling-mills for bars, bolts, hoops, &o., 
might also bo employed with advantage. Saw-mills, such 
as I have constructed at Calicut, on the coast of Malabar, 
for sawing plank, beams, and other articles, would bo very 
serviceable. Block-machinery and rope-works might like¬ 
wise‘be worked by steam-engines, as well as mills for 
rolling popper, machinery for working cranes, and other 
purposes.” 

H^ polnted out, that dockyards ought to be so laid out 
as tolerable work of the same J kind to be carried on by 
contlhuo|is operations, as in a well-ordorod manufactory. 

that the water at tho entrance of all the dock- 


—-and, ^hA-introductlon of imj)roved machinery 
vario^l^cyards; on which last subject Mr. Rei 
espetaallY:competent to give advico. 
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yards, excepting Plymouth, was too shaljpi 
large sliips to be docked for* repairs, withbul^ 
them and taking out their guns and stores,' 
cause of much delay, damage, and expanse; at 
the provision of a dockyaid in which the 
might lie afloat at low water, and be docked •and 
in all states of the tide. He would also have 
steam-engines provided, by which any dock 
pumped dry in a few hours, so as to enable repairs;to be 
at once proceeded with. Ho had no doubt that tb&dbfet of 
constructing such a harbour and dock would be^Sa^d tc 
the nation in the course of a very few yoars, " He„ also 
uiged, as of still gi eater importance, the necessity for 
oonccntiating all dockyard work as much as possible. 
Himself the head of a laige manufacturing estabHa|^ncnt, 
ho was well aware that the more the several branohes are 
kept apart liom each other, the less is the efKdoncy 
secured, and the gi eater ib the waste of material as W^ll 
as loss of time, lie theiofoie urged above all thity^ O0n- 
ccntiation, and he bioadly held that without it eec^jjpy 
was impossible - >'{*>■ 

Poitsmouth, Plymouth, Pembroke, Sheemess, Cbathkin, 
Woolwich, and Dept fold weie mostly far apart,jgQJ&ICof 
them veiy badly adapted for the jnuposes of royal 
3 aids, and at nearly all of them the saino costly prpq8jj$/0f 
patching, cobbling, and waste was going forw&^^Jli- 
deod, ho held that it would be much cheaper, viewed ns a 
money question only—not to mention the ihttft&£ed 
despatch of business and the improved quality of Jthj^^rk- 
manship—to construct an entiicly new dockyard, 
every department could be laicfout in the most cotnp) 
bciontific manner. Those views looked so reaSOi 
they pointod to results so impoi taut, that t^e 
Naval Rovision determined to pursue the inv^si 
and they requesied Mr. Hjnnie to examine all 
dockyards, and report as to the improvements 
be made in them with the above object; and; 
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planjS^jLkalir And complete naval arsenal suitable to the 
of the nation. 

it of Ms inquiries was set forth in the elaborate 
rep^^J^Hvered by him on the 14th May, 1807, He had 
fouMtpbsfc of the royal harbouis in a state of decay, silted 
up Wtih^ mud or sand, and in a generally discreditable 
cxm&$$on. Of all the naval arsenals, ho found Plymouth 
hadr^^nxffered the least, in consoquenco of less alluvial 
Rowing into tho haibour fiom the rivers dis- 
themselves into the Sound —tho principal objec- 
v i that port being that it was exposed to the violence 
of mi^b^osterly and south-easteily winds. Poitsmouth 
he EbUpd to be in a very defective state, much silted up 
with^ud, the depth on the bar having become reduced 
witlM 'a century from 18 to 14 feet, whilst tho works 
ge&emUy werq, in a condition of gieat decay. Tho docks 
wefe#2$0, in Ms opinion, quite inadequate to the acconi- 
of ships requiring repairs, whilst the storeliousos, 
wU^k^hops, and building-slips were ill laid out, having 
been rqp. up in haste after no well-digested plan, involving 
bftd'wdrk and waste both of money and of time.* 

Boptford Boyal Dockyard, tho oldest on tlio Thamos, 
w&gj, objectionable becauso of tho dec leasing depth of 
vrdikt, which rendered it less and less available for ships 
oflar&e burden; and licnco it was giadully being 
abafidpned for sMp-building purposes; Mr. Rennie leeom- 
moucamg that it should for tho future be exclusively used 
as'a> victualling yard. Woolwich also ho consideiod ill 


V - 
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of illustrating lift 
view*' JCfc Rennie used to say — 
“ Let. any stranger visit Poits- 
inotJTO IPpekyard, the head cstab- 
of the British Navj, he 
" led at the vastness 
of buildings, and 
^ What a wonderful 
Pkaowing nothing 
But I can 


coiupaiu tlio place to nothing else 
than to a pot k ot ctuds, with the 
limits ot diifinnt buildings, 
docl.*, «Scc, ninrktd upon them, 
and then tossed up into tlio air, 
so tli it each, m falling, might find 
As place by chance,—so com¬ 
pletely aro they devoid of all 
anangement and order.” 
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adapted for the purposes of a royal harbour and arsenal; 
it was situated too high up the river, where the Water was 
shallow, and the place was incapable of enlargement to 
the required extent, except at an enormous cost.,, He held 
that large ships, even if built there, must go down the 
stream into deeper water before they could take in their 
guns, stores, and provisions, thus involving the risk of 
damago and the certainty of delay and increased expense. 

With reference to the naval arsenals on the Medway, 
although considerable improvements had been made iu the 
dry and wet docks at Chatham, yet he held that the place 
was from its situation, incapable of being adapted to,the 
important purposes of a naval establishment, of such ex¬ 
tent and accommodation as should be commensurate with 
tho national requirements. Besides, the navigation of the 
Medway from the Noro was very intricate, and the upper 
part too shallow for ships of large burden. 

Then, as for Skeemess, his opinion was that tho yard 
there, besides being on too small a scalo to adapt it for 
tho purposes of a national harbour and arsenal, Would be 
exposed to great risk in event of a war, being almost 
incapable of effectual defence. “ On the whole,” he 
observed, “ it appears to mo, on consideration of all the 
facts I have been able to collect respecting tho principal 
naval arsenals of tho empiro, that they are far from pos¬ 
sessing such properties, either in point of situation, extent, 
arrangement, or depth of water in tho harbours, as the 
large and growing naval power of this country demands.” 

In reviewing the sites of tho different arsenals, Mr. 
Ronnio says ho was struck with surprise to find them 
mostly placed on tho lee shore of their respective harbours 
—the worst of all positions. Plymouth, Portsmouth, 
Chatham, and Shecmcss were thus situated; Deptford 
was on tho weather shore, and Woolwich had the prevail¬ 
ing wind blowing across it':. He also pointed out that, at 
all the royal dockyards, vessels had to take in their, stores 
alid be rigged and fitted out in the open harbou^ ; and, 
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with the exception .of Plymouth, the materials were 
clumsily, and, expensively conveyed from the shore to the 
ship’s side in lighters. There being no wet docks at any 
of the royal yards, vessels in ordinary lay moored out in 
the open tideway ; and the expense of moving them, of 
placing men on board to watch them, and tlio various 
accidents to which they were thus liable, were tlio constant 
cause of heavy loss to the nation. 

Regarding the subject in all its bearings, and with a view 
to s despatch, efficiency, and economy, Mr. Rennie strongly 
rebommended the construction of capacious wet and dry 
docks, in somo convenient situation on a weather shore, 
provided with sufficient storehouses and workshops, fitted 
with engines and machinery on the most improved plans 
for the building and repair of ships; and lie expressed 
his strong opinion that the political importance of adopt¬ 
ing such a measure would far* outweigh tlio expenso, how¬ 
ever largo, which it might be necessary to incur. 

The subject was felt by the Admiralty authorities to 
be of so much importance, that, Air. Rennie was again 
requested to report .as to the most advisable si to for .a great- 
naval harbour and arsenal such as lie had proposed; and 
lie was requested by Lord Howick (then First Lord) more 
particularly to state his views ns to tlio eligibility of 
Northfleet on the Thames, which had been suggested as 
the most desirable situation. In his visit of inspection to 
the place, Mr. Rennie was accompanied by his venerable 
friend James Watt, and his confidential assistant Mr. 
Southern, together with Air. Whidbey, acting master- 
attendant at Woolwich Dockyard ; and lie had the benefit 
of their great experience in maturing the design which he 
shortly after laid before the Admiralty for their considcra ■ 
tiou. 

The proposed site seemed to him most convenient lm 
the purpose of a great naval harbdnr and arsenal. “ North- 
fleet,” he said, “ possesses every advantage that can 
possibly be wished for in a naval station, and it is capable 
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.of being rendered as complete and: perfWt a^^stablish- 
ment as can be made for building, repairing. and fitting 
out vessels of war of all classes, on the largest scale.” 
The Thames at that point presented abundant depth of 
water; there was a largo space of flat land available for 
the harbour and docks, which might bo so laid out as to 
bo almost indefinitely extended; the situation was pn the 
weather shore, well protected, and capable of being strongly 
defended; it would be in direct connection by watot with 
Woolwich, Deptford, and London, as well as with Chatham 
and Sheerness; and as a great national harbouf and 
arsenal, lie regarded its situation on the Thames, at the 
entrance to the greatest port in the world, as in all 
respects the most suitable and appropriate. Accompany¬ 
ing his report was a carefully devised and most elaborate 
plan,'* which unhappily was never earned out. 


* The site of the proposed ar- 
ficnal whs the tint portion « f land 
near Novthllect, about eight hun¬ 
dred acres in extent, lyiug in the 
angular space formed by Fullers’ 
and Northileot Reaches. Its 
depth close to the shore was about 
seven fathoms at low water, or 
sufficient for vessels of the largest 
burden. The main entrance-look 
was to ho ut the Nortldleet end of 
<ho docks, within which was to ho 
an cntrance-bufin 1815 feet long 
and GOO feet w ide, covering about 
twenty-five acres. Dry docks were 
to he placed conveniently near, 
from which the "water was to ho 
pumped by powerful stoam-eu- J 
gines, so that vessels might, bo 
docked directly from the basin, 
and have their bottoms examined 
with the least loss of time. Part 
of the entrance-basin was to be 
appropriated for an nnclior-wuarf, 
another for a gun-wharf; next the 
stores and victualling wharves, 
with their appropriate buildings; 


! the whole arranged on a system, 
, so that the materials required 
i on shipboard might bo passed 
forward to tlicir respectivewnaryes 
from one stage of preparation fcc 
another, with the greatest despatch 
and economy. At the north eml 
of the basin w'ere to be the mast 
and boat ponds, with their ad¬ 
joining workshops, connected also 
with tlio Thames and the "-main 
western basin by separate en¬ 
trances. The main western basin 
was to be at right angles to the 
. entrance-basin, 4000 feet long and 
1)50 feet wide, covering ft Surface 
i of about eighty acres." Alongside 
' were to be six dry docks and eight 
j building slips, all fitted in the 
most complete manner with the 
J requisite saw-pits, - seasoning- 
sheds, mould-lofts, timber stores, 
and smithcries, conveniently situ¬ 
ated in the rfear., The 'whole of 
the heavy work, snek-ftS bellows, 
blowing, tilt-hammer!*?, forging 
of anchors, and bon-rolling, was 
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Mr. Ifcxmie ‘was also consulted respecting tho improve* 
mentofibeold royal dockyards, and subm ifcted*various plans 

to be performed by the *aid of 1 requisite to complete tlio works 
steam-engines’ and machinery of : amounting to four millions tmd-a- 
the most jberfect kind. Seventy 1 half strrling. Yet the plan was 
sail of the line, with a proportion- j so masterly and comprehensive, 
ate number of smaller vessels, ; ami so nbiinusly the right thing 
might conveniently lio in this \ to ho done, that the Portland Ad- 
basin, and yet afford abundant ! ministration determined to earry 
space ftir the launching of new it out, and the necessary land was 
vessels.' Another basin, 1)80 feet bought for the purpose/ Frequent 
long and 500 feet wide, was pro- ! changes of Ministry, however, 
posed^fOx timber-ships, on tho ! took place at the time; the re- 
soutb-west extremity of the great sources of the eounl rv worn he is ily 
basing'with a separate entrance taxed in carrying’on the war 
into the Thames a little below against Napoleon in Spain: tho 
Greenhithp. t The whole of the ; puhlie attention was diverted in 
arsenal' was to bo connected to- other quartern; and no further 
gether bya system of railways ex- ! steps were taken to carry out Mr. 
tending to every purt and all j iicimie’s design. He knocked at 
round tho ^wharves. The plan j the door of one Administration 
was most complete, some of the I after another without effect. In 
details being highly ingenious, j 18it) wo iiiul him writing to 
ltut the cost of executing tho work Lord M ulgrai e, tho First Lord; 
was Hie real" difficulty; Mr. lien- to the Light linn. George ltoso 
nie’s estimate of the total outlay to tho Karl .St. Vincent, and others 
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with this object, the most important of which were only 
carried out after the North fleet project had been finally 
abandoned. Of the new works executed after our engineer’s 
designs those at Shecrness were the most extensive. The 
royal dockyard there was felt to be a public disgrace. It 
consisted of a number of old wooden docks and basins, 
formed by ships’ timbers roughly knocked together from 
time to time, as necessity required. The ground, in 
its original state, had been merely an accumulation of 
mud and bog, surrounded by a wide extent of flat wet 
land. 

It is easy to conceive how, in ancient times, Sheemess 
must have been regarded as of importance, occupying as it 
does the extreme north-western point of the Isle of 
fcjlieppey, and commanding the entrance both of the 
Thames and the Medway. Hut, with the improvements 
in modern artillery, the place has in a great measure 


but though the nioro the pluns 
ere scrutinised, the more indis¬ 
putable did their merits appear, 
lu; could find no Ministry strong 
inugJi to carry them out. When 
ifiico camo. Government and peo¬ 
ple wore alike sick of wars, naval 
i mamonts, and glorious victories; 
ml believing that all danger 
■om France was at an end,—-the 
French licet having been destroyed 
>r captured,arid Napoleon banished 
lo St. Helena,—it was supposed, 
that the ohl royal harbours, 
patched and cobbled up, might 
answer every purpose. So the* 
laud at Northllcct was sold, and 
the whole subject dismissed from 
the public mind. But, alter the 
lapse of half a century, the wis¬ 
dom of Mr. Rennie’s advice.has 
become more cleally apparent dveu 
than before. For years past, the 
waste in our dockyards, which it 
was the chiof object of his North-, 


lleot design to prevent, has be¬ 
come one of the principal topics of 
public discussion, and it has been 
the standing opprobrium of every 
successive Naval Administration. 
What Mr. Rennie urged fifty years 
since still holds as true as ever— 
that without concentration economy 
is impossible. So long as Govern¬ 
ment goes on tinkering at the old 
dockyards, spending enormous 
sums of money in the vain attempt 
to render them severally efficient, 
and maintaining separate expen¬ 
sive staffs in so many different 
places,—building a ship in ono 
yard and sending it round tho 
island to another, perhaps more 
than a hundicd miles distant, to 
be finished and fitted, and then.to 
another to takqin its guns,' stores, 
Ac,—so long shall we have in¬ 
creasing reason to complain of the 
frightful waste Of public money in 
the royal dockyards. 
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ceased to be of value as a public arsenal, being incapable 
of efficient defence against a hostile fleet. Mr. Rennie 
entertained a strong opinion as to tho inferiority of the 
site compared with others which ho pointed out; but from 
the time when he was directed to prepare plans for tho 
reconstruction of the dockyards, his business was confined 
to carrying out his instructions in tho best possible 
manner. 



I lit w I /Ol It 1 ), 


The plan finally decided upon was that of a river-front, 
extending from the Garrison Point to near tho Old Town 
Pier of Sheerness, of tho length f>f 3150 feet, including the 
entrances, and enclosing within it three basins: one to 
the north, 480 feet long and from 90 to 200 feet wide, 
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containing a surface of about two acres, 4 feetbelow low 
water of spring tides, with two frigate-docks and 4 btrild- 
ing-slip and boat-slips; a central tidal basin 220 feet 
square, of the depth of 2 feet below low water* with store¬ 
houses around it for the reception and delivery of ‘^victual¬ 
ling and other stores; and on the west end of the dock¬ 
yard a basin 520 feet long and 300 feet wide. covering a 
surface of nearly four acres, provided with dry docks for 
ships of the line on the south side, with their cills and the 
bottom of the basin laid 9 feet below low water of spring 
tides, westward of which were the mast-ponds, mast-locks, 
and workshops. In the rear, on the south of these works, 
were placed sawpits, timber-berths, and the officers* houses. 
The total surface of the dockyard was G4J acres. The 
foundation-stone of the docks was laid by the latO Lord 
Viscount Melville in 1815, and the works were commenced 
and continued without interruption until the year 1826, 
when the whole wero completed. 

* Their execution was attended with many difficulties, 
and necessarily required a great deal of Mr. Rcnnio*s care 
and attention. The foundations were a soft running sand, 
extending to an almost fathomless depth. The strong 
currents flowing past the place rendered it neoessary to 
adopt an entirely new system of operations, which were 
carried out to an extent never before attempted in so 
exposed a situation. That form of sea-wall was devised 
which should most effectually resist the strong pressure 
of the current, and the heavy swell beating upon its outer 
side, without yielding to the lateral pressure or thrust of 
the water of the basins and the earth by which it was 
backed. At the same time the weight necessary to "ensure 
stability must not bo such as to sink vertically. Mr. 
Ttennio adopted the means to secure these objects .which ho 
had employed with such success at Grimsby Docks'in 1797, 
namely, to take the like! quantity of materials as would 
have been necessary for an ordinary wall, and dispose of 
them in such* a form, that the samo Weight should be 
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distributed over a greater surface, thus diminishing the 
vertical pressure* 

In the foundations of the walls ho also tulopt&l the 
method employed by him in similar works, of driving the 
piles and cutting off their heads at an angle inclining 
inwards, or towards the land side, laying the courses of 
stone at the same angle; by which a greater resistance 
was offered to tho pressure of the earth, and the building 
was prevented from being pushed outwards, as was more 
or less the case in most of the walls built on the old con¬ 
struction. Tho entrance gates to tho great basin were 



carrying into effect the same simple but correct principles 
laid down by him in his report on tho Northtleot docks, 
making the direction of the entrance suitable to the oiirreut. 
in the river Medway, and from which the ships entered 
the port. 

The coffer-dams in which these Cyclopean walls were 
built demand a passing notice because of their gigantic 
dimensions and the great depth at which they were founded, 
at not less than from 27 to 28 feet below low water of 
spring tides. They wore composed of four rows of piles 
about 12 to 14 inches square. The two centre rows were 
carried about 4 feet above the level of high walcr 'of 
.the highest spring tides, and were driven from 20 to 30 
feet into the sea-bottom. Tho outer ami inner rows were 
about 7 feet from tho two centre main rows, but only 
extended up to the level of the half tide, and were driven 
from 15 to 20“feet into the ground. All the piles were 
hooped and shod with .wrought iron, firmly hound together 
at the bottom, middle, and top, with timber braces and 
wrought-iron bolts and ties in every direction. Tho joints 
were caulked with oakum aud covered with pitch, and the 
spaces between the piles wero filled with well-tempered 
clay, so that they were as neatly water-tight as possible, 
notwithstanding the tremendous weight of the sea outside 
at the. top of each tide. Though tho dams somewhat 
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changed form by this pressure and inclined inwards, the 
piles ^woro prevented being forced in that direction by 
powerful counteracting braces, and the whole stood fast 
until the completion of the work, contrary to "the expecta¬ 
tions of many, who regarded it as an altogether impracti¬ 
cable thing to construct coffer-dams of such magnitude in 
so exposed a situation, where the pressure to bo resisted 
was so enormous. 

Tlio only •accident which occurrod to the coffer-dams 
was in 1820, when the old ‘ Bcllerophon ’ line of battle 
ship, which had been anchored outside to break the swell, 
was forced from her moorings by a fierce storm from the 
north-east, and driven against the piling, a large extent of 
which gave way, and the waters rushed in upon the 
works. Fortunately, the building- of the wall was by this 
time considerably advanced, so that no great damage was 
done. On the fall of the tide flic dams wore repaired 
without difficulty, and the works proceeded to completion. 

Among Mr. Rennie’s other dock works may bo mentioned 
the new river-wall, witli a sliip-basin and two building- 
slips, at Woolwich ; the new dockyard, building-slips, and 
dry dock at Pembroke; tho new entrance to Deptford 
I las in ; and various improvements at Chatham, Portsmouth, 
and Plymouth. 

One of Mr. Rennie’s most ingenious plans was that 
proposed by him for the improvement of Chatham Dock¬ 
yard. lie saw large sums of money expended from year 
to year in the ineffectual patching-up of the old yards, 
with little good result; and he foresaw that eventually the 
Govern incut, if it would secure efficiency and avoid waste, 
must fall back upon some such plan as liis North fleet 
Docks to obtain the requisite economy by concentration of 
dockyard work. In 1818 he was requested to report on 
the best means of improving Chatham Dockyard, when he 
again pointed out the great loss to the nation by maintain¬ 
ing so many separate yards, all of which were being 
tinkered and mended at an enormous cost. 
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lie then boldly recommended that the Government 
should sell. Deptford Dockyard, which ho held to be com¬ 
paratively useless, and devote the proceeds to the improve¬ 
ment of Chatham, after the plan which hcTjuhiniltcd. It 
consisted in cutting a new channel from a point in theviver 
Medway, a little below Rochester Hridgo, to another point 
lower down tho river at Upuor Castle, thus straightening 
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its channel, increasing 
its current., and cense-" 
qiirntly improving its 
depth. P*y tin’s simple 
means the whole of 
the hend in the present 
river would he con¬ 
verted into a capacious 
wet dock, extending 


along the ’whole front of the- dockyard, and shut in hy gates 
at cither end. ITo also proposed to make another cut 
from its lower end to join the Medway at Gillingham, 
where there is ample depth of waiter at all times for ships 
of the largest burden. 

Lord Melville w r as much stru ?:k with the simplicity and 
at the same time the comprehensive character ot the plan, 
and wished to have an estimate of the cost. The whole 
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amount—including land, labour, and materials—-according 
to the engineer, would not es&ecd 685,000/., against winch 
■ there was to be sot the heavy annual cost for moorings in 
the tide-way (which would bo *savcd) or equal to a capital 
sum of 200,000/.; the expense of watching vessels lying 
at moorings, amounting to about 15,000/. a year, or equal 
to a capital sum of 300,000/.; and the amount realised by 
the sale of the disused dockyard at Deptford, which of 
itself would have been almost sufficient to defray the 
entire cost of this magnificent new arsenal,—not-to mention 
the saving in the steam and other vessels employed in 
carrying stores to the lncn-of-war lying in ordinary along 
the course of the Medway, and tlio great despatch and 
economy which would have been secured in all the opera¬ 
tions connected with tlio building, fitting, and repairs of 
ships. 

The plan, however, was too comprehensive, and was not 
adopted. Building and patching are still going on at 
Chatham, at a cost far exceeding that required to carry 
out Mr. iieimie’s design ; but it still remains to bo seen 
whether anything like tlio same amount of concentration 
and efficiency will ho secured. 


I 
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CHATTER X. 

Plymouth Breakwater. 

The harbour of Plymouth being situated at tho entrance to 
the English Channel, nearly opposite two of tho principal 
French coast arsenals, has always been regarded as a naval 
station of national importance. The great area of tho 
Sound, its depth of water, and its connection with the two 
spacious and secure inner harbours of IFamouzo and Cat- 
water, admirably fit it for such a purpose. The Sound is 
more than three miles wido in all directions, and includes 
an area of about four thousand acres, with a depth of water 
varying from four to twenty fathoms at low water of spring 
tides. Its shores are bold and picturesque, rising in some 
places in almost perpendicular cliffs; in others, as at Mount 
Edgcumbe, tho land, clothed with the richest verdure, 
slopes gently down to the water lino. 

The only natural defect of tho haven - and it was felt to 
bo a serious one—was that the Sound lay open to the south, 
and was consequently exposed to Iho fury of the gales 
blowing from that quarter during the equinoxes. The 
advantages presented by its excellent anchorage and great 
depth of water were thus in a considerable degree neu¬ 
tralized, and the cases were not unirequent of large vessels 
being forced from their moorings during storms, and driven 
on shore. * 

From an early period, therefore, the better protection of 
tho outer harbour of Plymouth was deemed to bo a matter 
of much importance, and various plans were proposed with 
that objoct. One of these was, to carry out a pier from 
near Penlee Point, at iho south-western entrance to the 
Sound, for a distance of above .'1000 feet, into deep water; 
another was, to construct a pier several thousand feet long, 
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Map of Hymouth Sound. [Ordnance Surrey.] 
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from Staddon Point to the Panther rock; and a third con¬ 
templated a still more extensive pier, of uhovo 8000 feet in 
length, extending westward into dee]) water, from the 
south-eastern entrance to the Sound. While the question 
was under discussion, the Lords of the Admiralty called 
upon Mr. Bennie to report upon these several plans, and to 
advise them what, in his opinion, was the best, course to he 
pursued. In his preliminary inquiry, which was of the 
most thorough kind, he was assisted by Mr. Joseph Whidbey 
apd Mr. James Hommans. 

' Mr. Whidbey bad been a sailing master in the Koval 
Navy, and was a most able and meritorious oflieer. lie 
had sailed round the world with Vancouver, and raised 
himself from the station of a man before the mast to the 
highjj^jt position a non-commissioned officer could reach. 
His varied experience had produced rich fruits in a mind 
naturally robust and vigorous. As might be expected, he 
was an excellent seaman, lie was also a person of con¬ 
siderable acquaintance with practical science, and had 
acquired from experience a large knowledge of human 
nature, of a kind that is not to he derived from hooks, 
lie was afterwards raised to the office of Master-Attendant, 
at Woolwich Dockyard, and was greatly beloved and 
respected by all who knew him. Mr. Hemmans was Master-* 
Attendant of Plymouth Dockyard, and possessed an inti¬ 
mate practical knowledge of the locality, which proved of 
much value in the course of the investigation. 

The result of Mr. Bennie’s careful study of the object to 
be accomplished, and the best modi; of fulfilling the require¬ 
ments of the Admiralty, was embodied in the report pre¬ 
sented by him on the 22nd of April, 1 SOD. lie there 
expressed himself of opinion that, of the three plans which 
had been proposed, that of a pier extending westward from 
Andurn Point, near the Shags tone, at the south-eastern 
extremity of the Sound, was tfie best; but even that was 
objectionable, as calculated to produce shoaling of the har¬ 
bour by favouring the deposit of silt—a process wnirh was 
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then -going on, and which it was most desirable to prevent. 
Looking at the main object of the proposed work, which 
was to render the Sound a safe haven for vessels riding at 
anchor there, as well as to increase the security of Plymouth 
inner harbour, lie considered that another method might 
bo adopted, with greater certainty of success, at much less 
cost, and without any risk of silting up the entrance of the 
harbour. 

It may here be explained that, in its original state, there 
were three channels of entrance into the Sound: one on 
the west side, JJOOO feet wide, between the Scottish Ground 
rocks and the Knapp and Panther rocks; another, on the 
eastern side, 1800 feet wide, between tho shore and the 
Tinker, St. Carlos, and Shovel rocks; and a third in mid 
channel, also about 1800 feet wide, which was rarely ise^, 
being through dangerous rocks on either side. Any works 
which might be constructed across this middle channel, it 
appeared to Mr. Bennie, would be of no detriment to the 
navigation of tho Sound. ()n the other hand, by narrowing 
the passage through which the tidal waters flowed in and 
out, tho tendency would be to increase the scour, and eon 
Hecpieiitly to deepen the two remaining channels—an object 
only second in importance to the protection of the harbour 
iI self. 

11 is plan accordingly was, to form a Breakwater across 
the middle channel by throwing into the sea largo angular 
blocks of rubble, of from two to twelve tons each, leaving 
them to find their own base, and to continue this process 
until a sufiicicnt mass had been raised to the level of half¬ 
tide, so as to make a ridge, about 70 yards broad at the 
base and 10 yards at the top, these dimensions to be after¬ 
wards varied and increased according to circumstances. 
Ho proposed that the Breakwater should be of a total’ 
length of 5100 feet; of whiqh 3000 feet, forming the central 
part, was to ho in a straight lino across the Sound, and 
1050 feet at either end inclined inwards at an angle 
of 160 degrees. It was also proposed to run out a pier of 
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2400 feet, in two urns, from Andnrn Point, at the south¬ 
eastern entrance to the Sound, but this part of the design 



View of the Breakwater from Muuul Edgcuiube. [By I\!rcival Skrltou, after Ills 

original liu’|m^ ] 

was not carried into effect. The total estimate of cost, 
including the Point Andum pier, was 1,102,4401. 
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The formation of breakwaters by a similar process had 
been practised from an early period; and by such means 
the moles of Venice, Genoa, Bochelle, Cherbourg, and other 
ports, had been formed. Mr. Bennie had himself adopted 
the same method in forming the harbours of llowth. Kings¬ 
town, and Holyhead; and the success which had followed 
Ids operations at those places left no doubt in his mind as 
to the practicability of constructing an efficient breakwater 
across Plymouth Sound, though the situation was admitted 
to be much more difficult. Mr. Bennie considered that a 
ridge of rough, heavy stones would be the simplest and 
least costly, as it would probably he found the most efficient, 
plan of protection that could be devised. By throwing in 
the blocks in the given line, and allowing the waves 
their own action to form the slope or angle of repose at 
which the materials would lie, the expenditure of an infinity 
of labour and money would be avoided. In this kind of 
work ho held that success was to be secured by following 
tbn laws of nature; anil, with reference to the proper slope, 
his own expression was that “ the waves were the best 
workmen.” 


The report in which Mr. Beimio embodied these recom¬ 
mendations excited great interest amongst naval men, and 
led to much discussion. Many pronounced the scheme to 
be visionary and impracticable. It was also alleged that, 
even if it could bo executed, such a work would prove alto¬ 
gether useless. Others held that it would destroy the 
{Sound for purposes of navigation, and lead to its complete 
silting up; whilst a greater number criticised and con¬ 
demned it in all its details. Amongst other critics, one of 
the most severe was the late General Sir {Samuel Bentham, 
a brother of Jeremy the philosopher, who strongly recom¬ 
mended a plan of his own, consisting of one hundred and 
forty wooden towers, with stones stmk between them in a 
double line. Five ycarsty controversy thus passed, and 
numerous designs were prepared, submitted, and considered, 
all of which were referred to Mr. Bennie, who still remained 
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•is firmly satisfied as ever of the expediency of liis design, 
and \ indicated its superiority over ill others which luul bon 
proposed. At length the Lords of the Admiralty AVero avoii 
over to his views, as well as Earl St. Vincent, Lord Keith, 
and many other leading* naval otlieers. Lord Melville was 
then at the head of the Admiralty, and when he had become 
fully persuaded as to the merits of Mr. LVnnie's plan, ami 
ascertained that there was a growing unanimity of opinion 
in its favour, lie exerted himself strenuouslv to have it 
carried into elfeet. 

M'hc result was, that an Order of Council was issued on 

the 22nd June, 1811, hy which tin* requisite powers \\civ 

given to proceed with the works. Mr. licimie avus appoint* d 

engineer in chief, and Mr. Wliidbey resident engineer, with 

Mr. AVilliam StoAvart. as assistant. It avus verv diflleull to 

■ 

lind contractors Avilling to undertake the* execution of a 
work of so noA r el and extensive a character, exempt at prii os 
which the engineer couhl not sanction; and it was there¬ 
fore determined only to contract for the labour of the several 
operations in detail, so that there might be an opportunity 
for revising the scale of prices from time to time,*-- the 
(h>\eminent undertaking to iind the requisite plant, and 
materials. 

A piece of ground was purchased from the Duke of 
lied ford at Orest on, up the <'atwater, containing twenfy- 
Ji \»■ acres of limestone, avcII adapted for the purposes of (la 1 
work ; and steps Avere taken to open out the quarry, 1o lay 
down railways to the Avharvcs, to erect cranes, to huild 
vessels suit able for conveyance of the stone, ami to provide 
theA'arious appliances required for carrying out the under* 
hiki ug. * 

On the 12th of August, 1811, the birllalay of the Prime 


The propriety of this arrange- ton, it was afterwards reduced to 
incut was proved hy the* fact, flint, per ton, us the eon tractors and 
whereas the price paid in 1S12 lor j Atniloneii hrcaiiiidjctter acquainted 
taking and depositing rnbhlu m i with the nature of the work, 
tlit- lireakv'atcr was 2**. U<7. per | 
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liegent, the first stone of the main ridge was deposited on 
the Shovelbank rock, nearly in the centre of the work. 
Lord Keith, commander of the Channel Elect, was present, 
attended by the chief naval, military, and civil authorities 
of the port, together with the staff and men of tho building 
establishment. 

From this time forward the operations were carried on 
with despatch when the weather would permit. Tho work¬ 
men began at the centre and worked towards the extremities. 
The line£ of the Breakwater were carefully marked out by 
buoys, to which the barges laden with the stone blocks 
were attached whilst they were being emptied into the sea; 
after which they returned to tho quarry wharves, about 
ftvo miles distant, for fresh cargoes. 

For nearly two years this process of emptying in tho 
rubble proceeded; until, in March 181,‘J, portions of Ihu 
work began to bo visible at low water, and by the end of 
July there appeared a continuous line of about 720 yards. 
By tho month of March in the following year the ridge had 
been so raised, that its effect in tranquillizing the waters 
of the Sound during violent south-westerly gales was very 
considerable, and vessels of all classes sought its protection 
and came to anchor behind it with perfect confidence. 

The Admiral’s ship on tho station, the ‘ Queen Charlotte/ 
of 120 guns, had been heretofore accustomed to ride in 
(Jawsand Bay; but it was now brought to aji anchor under 
the lec of tho Breakwater. Among other vessels which 
took shelter therein 1814 was a large French three-decker, 
which rode out a severe gale in safety. The year after, 
when Napoleon entered Plymouth Sound on board the 
‘ Bellerophon/ ho expressed himself as greatly surprised 
with the magnitude of the work, and spoke with admira¬ 
tion of the intentions With which it had been designed and 
executed. 

By the 11th of August 1815, not less than 615,057 tons 
of stone had been deposited, and a length of 1100 yard, 
was raised above low water of spring tides. The complet 
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success of the work was now beyond dispute, and exceeded 
the most sanguine anticipations. Even the most, sceptical 
became convinced of its great practical utility, and many 
who had before offered vehement opposition to its being 
begun, became clamorous for its completion on even a larger 
scale than Mr. Rennie had originally intended. 

It was at length determined by the Admiralty, after 
advising with the engineer, to carry the whole 1 beak water 
twenty feet, instead of ten feet, al)ove the level of low water 
of spring tides. While the original plan of Mr. Rennie- was 
calculated to afford complete security to the larger class of 
vessels, this addition to the height doubtless gave morn 
adequate protection to the smaller craft. The finishing of 
the work above the low-water lino, however, involved a 
more expensive kind of workmanship; for the greatest force 
of the waves is exercised between the lines of high and low 
water. 

Hence it became necessary to render this upper part of 
the Breakwater so strong as to present the greatest possible 
amount of resistance. Air. Rennie suggested the propriety 
of increasing the seaward slopo to about 5 to 1, so as to 
give greater strength, .and present an increased resistance 
to the force of the waves. But this recommendation was 
overruled for the time, and t-lio work proceeded. 

The operations were continued without intermission, tho 
stono blocks being deposited at the rate of 10.'10 tons a-day 
during the year 1816—a greater avorago than lias since 
been accomplished in carrying out any similar work, not¬ 
withstanding tho improved modem appliances of stages pro¬ 
vided with steam power, and railways worked by powerful 
locomotives.* Towards the end of tho year, about .‘100 yards, 
of i.lio west end of .the Breakwater hail been raised to tho 
full height of two feet above high water, and 20 feet above 
low water of spring tides. 

I 

* The largest quantity of stono wore quarried, lightered, anil 
deposited in one year was in 1821, emptied Into tho work, 
uheu not less than 373,773 tons [ 


2 ▲ 2 



356 


PLYMOUTH BREAKWATER. 


Chap. X. 


Success, as usual, produced over-confidence; and the 
authorities on the spot, believing that if the sea slope of 
the ruhhle were roughly put together at an inclination 
of :> to 1, it would present sufficient resistance, as well 
reduce the expense, directed it to he so executed. Bui 
about this time a succession of severe gales set in from 
the south-west and sent a tremendous sea upon the Break¬ 
water,—especially one of great violence, which occurred on 
the 17th of January, 1817. 

On examining the work, after the return of moderate 
weal her, it was ascertained that a length of about 200 yards 
of the rubble of the upper part had been displaced or 
deranged—that several blocks of stone, varying from two 
to live tons, bad by the force of the waves been thrown over 
from the smith or sea slope to the north or land slope—and 


that their further effect had been fo increase the inclination 


of the former to to 1, instead of M to 1, as it had origi 
ually stood. 

Nevertheless, fho gn-.it mass of the Breakwater remained 
unmoved, and large numbers of vessels, availing themselves 
of tin' secure protection which it provided, had been enabled 
foiideout the storm in safety. Unfortunately, however, 
flic ‘ Jasper ’ sloop of war and the ‘ Telegraph ’ schooner, 
anchored without the line of protection, were driven on 
shore and wrecked under the citadel, when a melancholy 
loss of life look place. 

Mr. Bennie was of opinion that this storm had proved of 
great service by forcing flic stones together and consoli¬ 
dating flic work more firmly. His recommendation as fo 
Ihc necessity of increasing tl^e seaward slope having boon 
so singularly confirmed by f 1 it- aotiou of the waves, he now 
advised that it, should be allowed to remain as left by the 
storm of the 17th, and that the rest of that face of the. 
Breakwater should be made uniform with it. It would, 
however, appear that Mr.^Whidbev, the resident engineer, 
contrived to finish most of the exterior face at a slope of 
only :> to l,us before; and thus it stood without any mate- 
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Plymouth Breakwater. [By Percnal Skeltyw, after lu-> original Drawing.] 

The work had arrived at that stage when it had In expe¬ 
rience tlio full force of another ferritic storm, which took 
place on the 2.'5rd of November, 1821. It blew at first from 
the south-south-east, and then veered round to the south¬ 
west; and the effect of this concurrence of winds was ro 
heap together the waters of the (‘hanncl between IJolt 
Head and Lizard Point, and drf/e them with terrihlo force 
into the narrow inlet of Plymouth Sound. This storm was 
uot only greatly more violent, but of much longer dura- 
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tion, than that of 1817. When the Breakwater could be 
examined, it was found that, out of tho 1241 yards of tho 
upper part which had been completed with a slope of 3 to 1, 
700 yards had been altered as in tho previous storm, and 
tho immense blocks of stono which formed tho sca-faco 
of the work had by the force of the waves been rolled 
over to the landward side, thus reducing the sea-slope, 
as before, to about 5 to 1. 

Tho accuracy of Mr. Rennie’s view as to tho proper slope 
—which was indicated by tho action of the sea itself—was 
thus a second time confirmed; and the same view having 
been taken by the engineers * who were called upon to 
make an inspection of tho work, and to report as to tho 
best means of rendering it permanently secure,—it was 
determined to make the permanent slope of the same incli¬ 
nation, and tho works were so carried out accordingly.! 


* Those wore Mr. Telford, Mr. 
JosiiiH Jessnp, Sir J. Rennie, and 
Mr. G. Rennie. For move full 
particulars as to the history and 
construction of tho Breakwater, 
Wo refer the reader to Sir John 
Rennie’s elaborate work entitled 
‘An Historical, Practical, and 
Theoretical Account of the Break¬ 
water in Plymouth Sound.’ Lon¬ 
don, 1818. 

t The slopes were paved with 
blocks of the largest stone, firmly 
wedged together; the centre line 
was removed 36 feet further sea¬ 
wards ; the top width was reduced 
. r > feet; a strong binding course of 
dovetailed granite masonry was 
built at tho bottom of the sea 
slope, which was laid one foot 
convex from tho bottom to tho 
top; whilst the land slope was 
laid with close-fitting rubble at 
the inclination of 2 to 1. It wdv, 
however, found, in the course of 
the work, that the rough paving 
of the rubble alone was scarcely 


strong enough to withstand tho 
violence of the waves without a 
certain degree of yielding; and 
Sir J. Rennie, having been con¬ 
sulted by the Admiralty, recom¬ 
mended that, in addition to tho 
grunito basement binding course, 
there should be another, similar 
courso both in the centre and at 
the top of the sea slope; and f hat 
the remainder should be paved 
w itli rough - dressed limestono 
ashlar, set in courses at right 
angles to the slope, about three 
feet deep on the average — each 
course binding well with the one 
adjacent,—tho lower parts of tho 
•granite bonding courses being 
laid level, but the upper parts 
forming part of the slope. It was 
still found that there was a diffi¬ 
culty in preventing tho outfo edgo 
or base of the sea slope, where 
the main lower granite bonding 
courses were placed, from being 
undermined by the wa\es; and it 
was determined to plane a trench- 
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The total quantity of rubble deposited to the end of 1848— 
when tho work may bo said 1o have been completed—was 
3,<370,444 tons, besides 22,149 cubic yards of masonry, or 
an amount of material at least equal to that contained in 
the Great Pyramid. The whole cost of this magnificent 
work was about a million and a half sterling, including a 
convenient and spacious watering place at JJovesand liav. 

As forming a convenient and secure haven of refuge for 
merchant ships passing up and down Channel, along the 
'jjjreat highway between England, America, and India- as 
well as a capacious harlnnu* for vessels of war, wherein lift v 
ships of tho line, besides frigates and smaller vessels, ean 
at all times find safe anchorage - Plymouth Ureakwater 
may in every respect be regarded as a magnificent work, 
worthy of a great maritime, nation. 


ing or foreshore on tho outside of 
the sea slope. 40 feet wide in the 
centre of the Breakwater, increas¬ 
in'' to 50 feet wide at the com¬ 
mencement of the western arm, 
and diminishing towards the east¬ 
ern arm to the width of only 30 
feet. This foreshore was about 2 
fret above the level of low water 
of spring tides next to the too or 
base; and the surface was roughly 
paved with rubble well wedged to¬ 
gether. Tho whole of tho slope 
was paved with well-dressed 
courses of ashlar masonry without , 
mortar, 3 feet G inches deep, well I 


bedded down upon tho rubble be¬ 
low. Thu extremity of the western 
arm was furnished with a solid 
head of circular masonry, 75 feet 
diameter at the top, W'itli slopes of 
5 to 1 all round. At the point at 
which the lighthouse has sinre 
been placed, an inverted arch of 
solid blocks was Ihrnicd, the whole 
well-bonded, dovetailed, and dow- 
elled together. un<l firmly united 
with the other parts o! the solid 
rock. These works answered ad¬ 
mirably, and Plymouth Break¬ 
water now rests as linn as a rock 
upon the bottom of the sea. 


tit ^-1 tiwU I t 
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Section of the breakwater a? finished. 
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Mu. Eknnie’s Las,t Wouks—TI is T)i;\tii wi> (hr h:A(Tkb. 

)n undertakings such as flics 1 ', of greet magnitude ami 
. mportancc, Mr. Bennie was <*nuntil tin* close of Jiis 
useful and laborious life. There was scarcely a project «,f 
any large public work on which lie was not consult'd; 
sometimes furnishing the plans, and at other times re\ ising 
tins designs which were submitted to him. Nuincious 
works of minor importance also occupied much of his 
attention, ns is shown by the extent of his correspondence 
and the number of his report'., which eoulaiii an almost 
complete repository of engineei ing piactice. 

While lie was engaged in designing and superintending 
the construction of his great bond. n Bridges, the forma 
t.ion of Blymonth Ibcakwalet. the building of i he dock.- 
at, Slicerncss, the cutting of the (hinan (anal, and < h* * 
drainage of the Fens by tlie completion of tin* Fan lb-ink 
(hit, lie was at the same time consulted as to many im¬ 
portant ,schemes for the supply of large towns with water. 
Ills report on the distribution of the w.d'-r supplied by 
the York Buildings Company in the Strand in winch In 
proposed for the first lime to appropriate a distinct scr\ii < 
to the several quarters of the dish id, supplied was a 
masterpiece in its way; and the piineiplrs lie then laid 
down have been generally' followed by subsequent en 
giiicors. He also reported oiT the improved water-supply 
of Manchester, Edinburgh, Bristol, Leeds, Doncaster, 
(creenwicli and Deptford, and many utliei large towns in 
England and Scotland, as well as in the colonics and in 
foreign countries.* % 

* In 1S17, his fame having gone I engineer of tlio day. Captain 
abroad as the most skilled water | Duibur of (5 onevu. c one t" Ir’ng- 
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In addition to the various mills and manufactories littcd 
up 1 >y him with nev and improved maehinerv. wo may 
mention tluit ho ndvisod iI k* Hank of Kn^land on tho 
subject of tlie' more inpid manufacture of hunk-not os hv 
tlu* employment iit t lit* steam-enidne: and that heenfinlv 
l’i -ill lanujod t hi * (I. «\e> nineul li i;k*1 bn. tv at Waltham tor 
111.* manufacture oJ n'liupow.h*r. Ho erected tho aiiolior- 
}< ,v c 1 'it Woolwich iWky.od considered to ho flu- most 
s|* 1 ■ *i,did |>iooo of machinery in iis day ; lie supplied Itaion 
<\i^ , (then J hitch minister in this ooiml *■ ) with (lesions 
,( .ivotlpiio-i'iio-iiios tor ihariiio' tho mini out of tho 
i’..' and oanals of Holland, and • .ui" noii-d tho j.vin 
■:j u part of tho celebrated tn.n >iim*i\ ha making; ropes, 
.looordinn to ('upturn lluddarf'* pat. nt 

f'aplain fosepli Hnddail. i If ‘m. was a man of sound 
1 ai unuiiea! *\p< neuce, and evelleul, skill 

is o ino> lianio and cnuineei. llo was ofhn c-onsnllod h\ 

v. 

Mr. hVnnie in IVr »iv * > m.dune ,voiks t*f more than 
ord i mi r\ 'inpoi |.tp< las nip uMa- hiiinhl* , liko that of 
*> laa'.v ! i.iriy* ■ nunn oi -■ ■ and, liko thorn also, In* 

w m at I men 1 !Ilo piiisiul lo th>‘ I’oioo ol his "oniiis. 

> i s i. i Hi i*. i v in* j >coi] I i;i r di root ion of his od ilia I ion 
11* was f»n; J .Mlonhy, in ( hinihorland, in 17 h>, the 
sou of ;i sm.i11 iatinorand shnomnkm. Fioiii liis mojhoi 
ho inhoiirod a siroic" spirit, and a vigorous ooiist it ill ion, 
o m hi tied with s**iinn nioi’al principles, which ho nohly 
ilhist rated in his life. 

Hmld'irl r.*o.*ivod an ordinary share of education at tho 
.(•iniiiiiii school of his vill.t^o. to which In added a know- 
lodo’c of mathematics and jislroiiomy, obtained from tin* 


land fill’ the pm pose of consulting 
him as to tin* extension and iin- 
pruvemeiii of the waterworks of ( 
vli.it city. Captain Du four was ' 
intnihice‘l in 31 r. Io-nme by the 
mutual r * tend ol l»olli, t*i< eminent 
Dr W i .ot<*n .Mr. Kemm* made 
q cure!' 1 and detail.*. 1 leport on 


tho siii\i'\.s and plans submitted 
‘n him, especially nil the engine 
and pumping machinery of tin* 
Ijj.ipoM il works; ami Ins advice 
v#,is Inilowed, very much to the 
advantage of the citizens of 
(■i ne\a 



362 


RENNIE’S LAST WORKS. 


Chap. XI. 


son of his teacher, who had studied those branches of 
science at Glasgow University. He seems to have been 
an indefatigable learner, for he also acquired some know¬ 
ledge of music from an itinerant music-teacher, whoso 
execution lie very shortly excelled. His mechanical tastes 
early displayed themselves. Watching some millwrights 
employed in constructing a flour-mill, he copied the ma¬ 



chinery m a model which he finished just as they had com¬ 
pleted their mill. Ho also made a model of a 74-gun ship, 
after the drawings given in Mungo Murray’s ‘ Treatise on 
Navigation and Shipbuilding.’ 

At an early age, Iluddart was employed in herding his 
father’s cows on a hill-side overlooking the Solway Frith, 
and commanding a view of tho coast of Scotland. There 
he took his books, with a desk of his owi making, and, 
while not forgetting tho cattle, he occupied himself in 
reading, drawing, and mathematical studies. When a 
little older, his father set him on the cobbler’s stool, and 
taught him shoemaking,—though the boy’s strong inclina- 
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tion was to bo a sailor. Largo shoals of herrings having 
made their appearance about this time in the Solway 
Frith, a small fishing company was started by the Allonby 
people, in which his father had a share, and young Hud- 
dart was sent out with flu* boats, very much to his delight. 
He now began to study navigation, carrying on shoe- 
making in the winter, and herring-fishing at the time 
when the shoals were on the coast. On the deatli of his 


father, he succeeded to his share in the fishery, and took 
the command of a sloop employed in carrying the herrings 
to' Ireland for sale. During his voyages he applied him¬ 
self to chart-making, and his chart of St. llcorge's Channel, 
which lie afterwards published, is still one of the best. 

Tho herrings having left the frith, lluddart got. the 
commalid of a brig, his excellent character securing him 
the post; and ho made a successful voyage to North 
America and back. His progress was steady and certain. 
A few years later we find him in command of an East 
Indiaman. After many successful voyages, in which lie 
happily brought all his ships to port, and never met with 
any serious disaster, he retired from the service; having 
been in command of ships of greater or less burden for a 
period of twenty-live years. He now published many of 
his charts, the results of the observations lie had made 
during his numerous voyages. 

His eminent character, not less than his known scientific 


knowledge, secured his introduction to the Trinity House 
as an Elder Brother, and to the direction of the London 
and East India Docks, in which situations he was emi¬ 
nently useful. Tins lighting of flu* coast proceeded chiefly 
under his direction, and many new lighthouses were, erected, 
and floating-lights placed at various points at, his recom¬ 
mendation. Among others, he superintended the con¬ 
struction of the lighthouse at Hurst Point. He also 


surveyed the harbours of W hi tel a von, Boston, Hull, Swan¬ 
sea, St. Agnes, Leith, Holyhead, Woolwich Dockyard, and 
Sheerness; several of these in conjunction with his friend 
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Mr. Bcrmio, who was always glad to have Hie benefit of 
liis excellent judgment. lie made many improvements in 
ship-building; but the invention for which the nation is 
principally indebted to him is his celebrated rope-making 
machinery, by which every part of a cable is made to bear 
an equal strain, greatly to the improvement of its strength 
and wearing qualities. This machinery, constructed for 
him by Mr. Bennie at Limchouse, was among the most 
perfect things of the kind ever put together.* 

In his capacity of advising engineer to tho Admiralty, 
Mr. Bonnie embraced every opportunity which his position 
afforded him of recommending tho employment of steam 
power in the Boyal Navy. His advice met with the usual 
reception from the inert official mind: first indifference; 
next passive resistance; then active opposition when he 
pressed the. matter further. Naval officers, who had grown 
old in sailing tactics, could ill hrook the idea of navigating 
ships of war by means of a mechanical invention. Skill in 
seamanship, of which the old salts were so proud, would 
he entirely superseded. The navy had done well enough 
heretofore without steam ; why introduce it now? It was 
a smoky innovation, and if permitted, would only render 
Hlli, >s liable to the risk of being blown up by boiler 
explosions. 

Lord Melville, however, listened to Mr. Bennie’s suit- 
gestions, and at length consented to the employment of a 
small steam-vessel as a tug for a ship of war, by way of 
experiment. Mr. Bennie then hired the Margate steam¬ 
boat, the ‘Eclipse,’ to tow the ‘ Hastings,’ 74, from Wool¬ 
wich to two miles below Gravesend, against a rising tide. 
The experiment was made on tho 4th of June, 1819, and 
proved so successful that the Admiralty were induced to 
authorise a steamboat to be specially buil' at Woolwich 


* ('u plain Iluddait died at his blemished integrity in the seventy - 
house in Highbury Terrace, Lon- tiftli year of his age. 
dnn, in IS It;, closing a lilt* of uii- 
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for similar service. This vc»rl was named I ho ‘ Conicl 
it was Imilt a It or the designs ami under the direction *>f 
the’late Mr. Oliver lame;, assisted to a considerable extent, 
by Mr. Bennie, who attended more particularly to the 
designing and tittinir of the engines, which were made b\ 
Boulton and Watt. r l lie ‘Comet,' though a small \es<el, 
was the parent of other royal ships of vastly greater 
dimensions, fjhe was only JLf«> feet long bclwecii the per 
pendiculars, and 1 11 feet l> inehes in extreme breadth; the 
draught of water was about Of feet, and the, power of her 
engines about 40 horses. 

The Admiraltv had gvcai doubts as to the width of the 
paddle-boxes; but Air. Bennie encouraged them to make 
the experiment. after his design. “ Steam-vessels," lie 
observed, “are as yet. only in their infaney, and ean 
scareelv ho expected to have arrived at anything ap¬ 
proaching perfection. Much, however, will he learnt by 
ex])erienco; but. unless some »isk is run in the early appli¬ 
cation of the new power, no improvements are likely to 1 h 
made," *' 'The ‘Comet’ proved a. most ellieient vessel 
the best that had up to that time been constructed. She 
fullv answered the purpose for which she was intended; 
and the resull was so sat is factory, that, vessels of i un cased 
si/e and power were from time to time bin’ll, until the 
prejudice amongst naval men against the employment of 
steam power having been got over, it. was at length 
generally introduced in the Jioval Navy.f 


* l.i Iter to the Admiralty,‘J'ind 
Max IsiiU. 

f Mr lu'imic v,a^ emraired lor 
inaiix yea - in mging tin ml in¬ 
duction o| Mcam power in flic 
liiiX.il N.ivv. In I SIT xx imd 
Inin xxi it i ii g to I .old Meh i lie. Sir 
J. Yoihe. Sir I). Milne, and others 
on llu- Hilni-ct. It. would appear 
*llfit bold Melville had declared 
♦ hat lie wa- <let* rnnm d to employ 
..team-\Ch.-el* a* tu^.s, so soon a.s 


lie eon Id convince the Sea l.onls 
ul lie ii adxaul-ur* *; on wlneli 
Mr I*, nine compliment*. Su 1) 
Milne, saying that lie is “ glad to 
lllid tli.it t lieje isoiieadlnil.il Hi 
the na\ x laxoiiralde to -tialn- 
IvmIs” In .Inly ISIN, lie laments 
that he nuiml eonxince Sir (« 
Jl«pe or .Mi. Seee-tarx Yorlce of 
tleir ntilitv, hut that he i„ jn■ r- 
sn.-idi d thi n ado]itiou nm*t v omo 
at last On the hhth May, Jsiiil, 
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The last of Mr. Bennie’s great designs was that of New 
London Bridge, which, however, ho did not live to com¬ 
plete. The old bridge had been gradually falling intc 
decay, and was felt to be an increasing obstacle to the 
navigation of tlio river. The starlings which protected 
the piers had of late years been seriously battered by the 
passing of hoys, barges, and lighters, on which they had 
inflicted equal injury in return; for vessels were con¬ 
stantly foundering on them, and many were sunk and 
their cargoes damaged or destroyed. 

Emptying stones into the river, to protect the decayed 
pile-work, had only had the effect of further obstructing 
the navigation, the scour of tlio current having formed 
two great banks of stone across the bed of the river: 
one about 100 feet below the bridge, and the other about 
the same distance above it, with two deep hollows between 
them and the piers, from 25 to 33 feet deep at low water. 

The piers and arches were also becoming decrepit. 
Though the top-hamper of houses had long been removed, 
and the piers patched and strengthened at various times, 
the bridge was every year becoming less and less adapted 
for accommodating the increasing traffic to and from the 
City. At last it was regarded as a standing nuisance, and 
generally condemned as a disgrace to the capital. Tc 
maintain the structure, inefficient and unsafe though it 
was, cost the City not less, on an average, than 3500/. a 
year, and this expense was likely to increase very fist. 

The Corporation felt that they could no longer avoid 


he writes James "Watt, of Bir¬ 
mingham, informing him that the 
Admiralty had at last decided 
upon having a steamboat, not¬ 
withstanding the strong resistance 
of tlie Navy Board. “My rea¬ 
sons,” ho says, “ I understand were 
satisfactory; but unless the if<l- 
mirulty cram it down the throats 
of tlie Nioy Board, nothing will 


he done; for of all the ignorant, 
obstinate, and stupid hoards under 
the Crown, the Navy Board is the 
worst. J am so disgusted with 
them that, eould 1 at the present 
moment with decency relinquish 
tlie works under them which 1 
have in hand, I would do bo at 
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dealing decisively with the subject. They then resolved 
to take tho opinion of tho best engineers and architects; 
and Mr. Daw, the architect of tho Corporation, Mr. Chap¬ 
man, tho engineer, and Messrs. Alexander and Montague, 
two eminent City architects, were consulted as to the best 
steps to be taken under the circumstances. Tho result oi 
their deliberations was a recommendation to tho Corpora¬ 
tion to remove eight of the arches and to substitute four 
largor ones, as well as to make extensive repairs in tho 
remaining arches, piers, and superstructure. 

^This plan was referred to Mr. TJemiie, Mr. Chapman, 
and Messrs. Montague, for further consideration. In 
accordance with Mr. lieimie’s custom before making any 
report, he proceeded at once to master tho whole of the 
facts. Ho.could not otherwise give an opinion that could 
be relied on. lie had tho tides and currents watched and 
noted; he had the river carefully sounded, above and below 
bridge, from Teddington Lock to the Hermitage entrance 
of the London Docks. He examined the piers down to 
their foundations, and explored tho bottom of tho river, 
making borings at various points between tho one shore 
and tho other. 

In tlio report which ho Triado to the Corporation on the 
12th of March, 1821, a great deal of new and accurate 
information was first brought to light respecting tho flow 
of the tide through the arches, and the additional depth of 
water likely to bo secured by their removal. Although it 
was pronounced quite practicable to carry out the 1 altera¬ 
tions which had hewi recommended, by erecting four new 
arches in lieu of tho eight old ones, he was of opinion that 
the cost would be very considerable; and, after all, the old 
foundations would still present great defects, which could 
never be wholly cured. Mr. llcnnie therefore suggested 
the propriety of building an entirely new bridge of five 
arches, with a lineal waterwayjof not loss than 000 feet, 
in lieu of the then .vaterway of 231 feet below the top 
level of the starlings, and 524 feet above them. 
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Besides the greatly increased accommodation, which 
would he provided by a new bridge, for the large traffic 
passing between London and Southwark, Mr. 1 humic held 
that not the least advantage which it promised was the 
much greater facility which it would afford for the navi¬ 
gation of the river to and from the wharves above bridge; 
for coasters and even colliers, by striking tlieir masts, 
might then be enabled to navigate the whole extent of 
the City westwards. The increased waterway would also 
enable the waters descending from the interior to How 
more readily away, floods often inflicting great damage 
along the upper shore, especially in the winter months, 
when the arches of the old bridge had become choked up 
with ice. 

The report, was felt to he almost conclusive on the sub¬ 
ject. : and the more it was discussed the deeper grew the 
conviction, in the minds of all concerned, that its recom¬ 
mendations ought to ho adopted. The Corporation accord¬ 
ingly applied to J’arliament, in the year 1821, for an Act 
enabling them to purchase the waterworks under the 
arches of the old bridge, and to erect an entirely new 
structure. The hill, of course, had its opponents; some 
arguing that there was no necessity fur a new bridge, and 
that its erection would be only a useless waste of money, 
whilst the old one could be repaired and made fit for 
t.raflio at so much less outlay. 

The ease in favour of the new bridge was, however, too 
strong to he resisted, and Mr. ttennic's evidence was con¬ 
sidered so clear and conclusive that committees of both 
Houses unanimously approved the hill, and it duly received 
the sanction of "Parliament.* Power was conferred by the 
Art., enabling the Treasury to advance from tlie Consoli¬ 
dated Fund such sums as might, be necos ary to supplv 
any deficiency in the funds at the disposal of the Cor- 
poiation applicable to tfcie erection of the bridge; the 
Covcnmicnt regarding the work as one of national Jm- 
portunce, and consequently entitled to national assistance. 
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During the progress of the hill through Parliament, 
Mr. Rennie prepared the general outlines of a design for 
the now structure. It consisted of live semi-elliptical 
aiclies, the centre one 150 teet span, the two side arches 
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the level of Trinity high-water mark. The general prin¬ 
ciple of this design was approved and embodied in the 
bill. Very shortly after the Act had passed, Mr. Bennie 



was seized by the illness which carried him 
off, and it.was accordingly left to others to 
execute the great work which he •had thus 
planned. . . 

The Corporation of London then appealed 
to the whole engineering and architectural 
world for competitive designs, and at least 
thirty were prepared in answer to their 
call. These were submitted to a Committee 
of the House of Commons in the. year 1823, 
and after long consideration the plan ori¬ 
ginally proposed by Mr. Ronnie was finally 
adopted; on which the Corporation of Lon¬ 
don selected his son, the present Sir John 
Bennie, as engineer in chief, to carry it into 
effect; and the nomination having been 
approved by the Lords of the Treasury, in 
conformity with the provision of tho Act, 
steps were forthwith taken to proceed with 
the work. 

It is scarcely necessary to say how ad-‘ 
mirably Mr. Bennie’s noble design has been 
executed. New London Bridge, in severe 
simplicity and unadorned elegance of design 
—in massive solidity, strength, and per¬ 
fection of workmanship in all its parts— 
not less than as regards tho capricious’ size 
of its arches and the breadth and width of 


Section or Xt w jts roadway and approaches—is perhaps the 
" ge ' finest work of its kind in the world * 


* The now bridge was erected volved tho construction of new 
about thirty yards higher up the approaches on both sides. Tin 
fiver than the old one, and in- first coffer-dam was put in on tho 
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It will be observed from the preceding chapters, that 
Mr. Rennie's life was one of constant employment, and .that, 
apart from his great engineering works, his career con¬ 
tains but few elements of biographic interest. Indeed his 
works constitute his biography, occupying, as they did, 
almost his entire life, and nearly the wliol<i of liis time. 
His personal wants were few; liis habits regular ; and his 
pleasures of the most moderate sort,-- consisting chiefly in 
reading and in tho' enjoyment of domestic life. At th6 
ag:o of twenty-nine he married Miss Mackintosh, an Inver¬ 
ness lady. She made his homo happy; and lie became the 
father of nine children, six of whom survived him. In 
tho early part of his career in London lip lived in the 
Great Surrey Road, from which ho afterwards removed 
to Stamford Street, not far from his works. 

His oloso and often unremitting application early began 
to tell npon his health. In 1812, when arrived at the ago 
of fifty-one, he was occasionally laid up by illness. While 
occupied one day in inspecting tho works of Waterloo 

• 

Southwark side, and tho first pile Devonshire, and Cornwall. The 
was driven on the loth of March, actual v idth of the arches as 
1824; the foundation stone was , executed is as follows; the centre 
laid with great ceremony by J arch is lf>2 feet <» inches span; 
li.It.H. the Duke of York, on the 1 tho two arches next tho centre 
loth of dune, 1825, assisted by the are 110 feel; and the two land 
Lord Mayor (Garrett), the Alder- arches 130 feet. The details of 
men, and Common Council. The : construction of the cnfler-duuis, 
bridge was finally completed and piers, and floating and fixing the 
formally, opened by His Majesty centres, were similar to those 
King William the’'Fourth, on the adopted by Mr. Rennie in building 
1st of August, 1831—the time Waterloo arid Southwark bridges, 
occupied in its construction having The total length of tho bridge is 
been seven years and three months. « 1005 feet; width from outside to 
Tho total cost of the bridge and 1 outside, 50 feet; width of tlfb 
approaches wan alioiit two millions footpaths, 18 foot; and of the 
sterling. All the masonry below carriage-way, 35 feet. The total, 
low water is composed of hard quantity ot stono built into tho 
sand-stono grit, from Hiamley bridge is 120,000 tons. The 
Fall, near Leeds; and the wliolo bijhlers were Messrs. JolifFo and 
of the exterior masonry above Ranks, the greatest contractors of 
low water is of the finest hard tlicir day. 
gray granite, from Aberdeen, 


2 b 2 
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Bridge, he accidentally set his foot upon a loose* plank, 
which tilted up, and ho fell into tho water, but happily 
escaped with only a damaged knee. Though unable* for 
some time to stir abroad,, he seized tho opportunity of pro¬ 
ceeding with the preparation of numerous reports,'and of 
working up ^ long lee-way of correspondence. 

In the following year he was frequently confined to the 
house by a supposed liver-complaint; but his correspon¬ 
dence never flagged. He tried the effects of change of air 
at Cheltenham ; but ho had no time for repose, and. after 
the lapse of only a week he was again in harness, giving 
evidence before a Committee of the llouso of Commons on 
Lough Erne drainage. TTo made another huiried visit to 
Cheltenham, but evidently took no rest; his absence from 
active business only affording him an opportunity for 
writing numerous letters to influential perspns at tho 
Admiralty on the subject of his grand scheme of the 
North fleet. Docks. To one of his correspondents we find 
him saying lie was “ 1 totter, though only half a man yet.” 
In course of time, however, he partially recovered, and 
was forthwith immersed in business—engaged upon his 
docks, bridges, and breakwaters. 

lie very rarely “took play.” In 1815 his venerable 
friend James Watt, of Birmingham, urged him to pay a'visit 
with him to Paris, shortly after the battle of Waterloo. 
But Mr. Bennie was too full of work at the time to accept 
the invitation, and the visit was postponed until the 
following year, when he was accompanied ‘by James 
Watt, jun., then of Aston Hall, near Birmingham. This 
journey was the first relaxation he had taken for a period 
thirty years; yet it was iiot a mei;e holiday trip, hut 
partly one of business, for it was his object to inspect witli 
his own eyes the great dock and harbour works executed 
by Napoleon during the Continental war, of which lie had 
heard so much; and to gather from his inspection such 
experience as might be of use to him in tho improvement 
of the English dockyards on which he was then engaged. 
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The two sot out in September IS Hi, passing bv Dover 
to Calais aiijl tliouco to Dunkirk, where Mr. Donnie onre¬ 
ft illy examined the jetties, arsenal, docks, and building- 
slips at that port. From thence they proceeded to Ostend, 
and afterwards to Antwerp, where our engineer admired 
the great skill and judgment with which the dock works 
there, still incomplete, had been laid out. From Antwerp 
they went to Paris, where they stayed only two days, and 
then to L’Orient and Drest, accompanied by Mr. .Jolille, 
the contractor. At both these ports, Mr. Ilemiic took 
careful notes of the depths, dimensions, and arrangements 
of the harbours in detail,—receiving every attention from 
the authorities. 

At Cherbourg, in like manner, he examined thy build¬ 
ing-yards and docks, as well as the progress made with 
the famous Digue*—a rival to bis own Preakwater at 
Plymouth. At Cherbourg he was joined by Mr. Whidbey, 

* The Digue is of considerably | was as much us J1 to L This 
greater extant than tho break- greatly increased the contents of 
water at Plymouth, being above ; the breakwater, while its stability 
‘21 English miles long. l r p to the was not much to Ins depended on. 
time of Mr. Item lie’s visit, the ; Many accidents occurred to the 
work bad been a soliosof attempts ! work, and several extensive 
ami failures, which, however, breaches were made through it 
eventually produced experience, by the force of the sm. At low 
and led to success. Wooden cones : water the height, of Iho Digue was 
tilled with small stones were lirst ' at some parts tally three feet.; at 
tried; they were sunk so as to others, considerably more; whero- 
form a sea rampart; but the cones , as, in some places, the top of the 
were shattered to pieces by the. . work was from seven to eight feet, 
force of the. waves, and tin* stones below low water of spring titles, 
were scattered about in the bottom At length, after many years’ 
of the sea. Then loose rubble- labour and vast expense, the work 
stones wen* tried; but the blocks has been brought to completion; 
were too small, and these, too, and it now forms a very excellent 
were driven asunder. Larger , defence fur the line war roadstead 
blocks were then used; but, for a ' and arsenal of Cherbourg, greatly 
time, tho smaller stones beneath j exceeding the humble dimensions 
acted as rollers to the larger ones, j wlych it presented when Mr. 
At length, however,*these found 1 HAmio visited the place. Tim 
their bearing, and when Mr. Hen- whole cost of the works amounted 
nie visited the place, the slope to upwards of seven millions 
formed by the sea-ridgo of rubble sterling. 
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who had come over in a vessel of .war to meet him. Mr. 
Ronnie returned to England after less than a month’s 
tour; and though he had made a Labour of his pleasure- 
• trip, the change of air and scene did him good, and ho 
entered with zest upon the business of clearing off the 
formidable arrears of work whicli had accumulated during 
his absence. We may add, as an illustration of his habit 
of turning everything, even his pleasure, to account, that 
one of the first things he did on his return‘home was to 
make an elaborate report to Lord Melville, then First 
Lord of the Admiralty, of the results of his investigations 
of the foreign harbours which ho had visited in the 
course of his journey. 

After a few years’ more devoted application, his health 
again began to give way. -When consulted by Mr. Fol- 
jambe of Wakefield, in Juno 1820, respecting a railway 
proposed to be laid down in that neighbourhood, he ex¬ 
cused himself from entering upon the business, because he 
was so full of work, and liis health was so delicate. 
Shortly after wo find him writing -to a friend that tho new 
works executed by him during the past year had cost 
about half a million, besides those in progress at Sheerness, 
which would cost a million. He was then busy with his 
♦investigations relative to New London Bridgo, tho report _ 
on which ho prepared while laid up with an attack of 
gout. lie persisted in going abroad as long as ho could, 
and went to his doctor in a carriage for advice, instead of 
letting the doctor come to him. But his •resistance, how¬ 
ever brave, was useless against disease, and at length ho 
was compelled to succumb. , ■ 

To the last, he went on issuing instructions to his 
inspectors in different parts of the country relative to tho 
works then in progress^—the docks at Chatham and Sheer¬ 
ness, the harbours at Howth and Kingstown, the bridge at 
Now Galloway, the Eau fcrink .Cut, tho Aire and Calder 
Navigation, and tho pumping-engines for Bottosham and 
S waff ham, in the Fens. Ho was especially anxious about 
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the Eau Bijnk Cut, nearly ready for opening, urging his 
assistants to report to him from time to time, giving full 
particulars of tho progress made. In tlio midst of all this, 
he writes a letter to a harbour-master at Bridlington, 
giving him detailed instructions as to the arrangement of 
tide tables! His last business letter was written to the 
Navy Board respecting the proper kind of gates to be 
used for tho dry dock at Pembroke: it was dated the 28th 
September, 1821. A little before this he had written to 
his ^friend Mr. Jordan, the Edinburgh engineer, that he 
had r completed all business connected with his preparation 
for the next session of Parliament, when ho had many bills 
to carry through. 

But how often aro the intentions of tho bravest defeated! 
Day by day ho grow weaker, struggling with the whole 
force of his will against the disease that was slowly 
mastering him. Although extremely ill, ho insisted on 
rising from his bed, and tottered about, oven taking an 
occasional airing in a carriage. In this state he continued 
until the 4th of October. On that day ho did not get up. 
His mind had until then been as clear and vigorous as 
ever; but now it began to wander. There was no resist¬ 
ing the hand of death, which was already upon him. He 
took no further heed of what passed around him, and 
about five in the evening, ho was seized by a fit of 
paralysis, from which ho never rallied. About an hour 
later he expired, in tho sixty-first year of his age. 

The portrait prefixed to this memoir expresses, so far as 
an accurate delineation of his features can do, tho actual 
character of tlio man. It^is grave and thoughtful, yet 
has an expression, of mildness perfectly in unison with 
his gentle yet cheerful disposition. Iiaebum painted his 
•portrait, and Chantrcy chiselled his bust ; but the chalk 
drawing by Archibald Skirving,* after which our en- 

* Archibald Skirving, like John Lothian farmer. He was born in 
Bennie, was the son of an East I74U,atGarleton, a farm belonging 
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graving, is made, is on the whole the most lifeliko repre* 
sentation of tho man as ho lived. In person he was large, 
tall, and commanding; and strength was one of the attri¬ 
butes belonging to his family. 

But physical endurance has its limits, and we, fear that 
Mr. Ronnie taxod his powers boyond what they woula 
fairly bear. Ho may be said .to have died in harness, in 
tlio height of his fame, after threescore years, forty of 


to the Earl of Werayss. His 
father, Adam Skirving, was a 
well-known humorist and ballad- 
maker— one of his songs, ‘ Roy, 
Johnny Cope,’ a description of the 
rout of tho royal army at the 
battle of l’restonpans, being still 
popular in Scotland. In early 
life Archibald went to Romo to 
study art, and remained in Italy 
nine years. Ho walked back tho 
whole way from Rome,hut, passing 
through France, the revolutionary 
war broke out, when he was ap- 
prehendod and thrown into prison, 
where he lay for nine months. 
He subsequently studied painting 
under David. Returned to Scot¬ 
land, • he pursued his art in a 
somewhat desultory manner, not 
being under tho necessity of ap¬ 
plying himsolf to it with that 
patient and continuous devotion 
which is essential to attaining 
high eminence in any profession. 
He painted when, where, and 
whom ho pleased; and sometimes 
pursued a very singular course 
with his sitters. Notwithstanding 
his eccentricity, Skirving was an 
extremely clover artist, and his 
crayon drawings have rarely been 
surpassed for vigour and brilliancy. 
Ho executed probably the bo$t 
head of Burns the poet, with whom 
he was intimate; and the portrait 
of John Rennie, which Mr. Hull 


has rendered with great skill, will 
give a good idea of Skirving’s 
power as, a delineator of character. 
Skirving and Rennie were inti¬ 
mate friends, although in most 
respects so unlike each other. 
Yet Skirving had ns true a ge¬ 
nius; and might have secured 
as great a reputation in his own 
walk as his friend Repnie, had lie 
worked as patiently and indus¬ 
triously. As he grew older, ho 
became more eccentric and sar¬ 
castic. He dressed oddly, in a 
broad-brimmed white hat, without 
any neckcloth. Allan Cunning¬ 
ham relates tho story of Skirving’s 
calling on Chantrey while he was 
finishing tho bust of Bird, the 
artist. “ Well! — and who is 
that?” asked Skirving. “Bird, 
tho eminent painter.” “ Pain¬ 
ter !—and what does ho paint ? ” 
“ Ludicrous subjects, Sir.” Lu¬ 
dicrous subjects ! — Havo you 
sat?” “Yes—ho has had ono 
sitting; but when he heard that 
u gentleman with a white hat, 
who wore no neckcloth, had ar¬ 
rived from the North, ho said, 
‘Go—go; 1 Icrow of a subject, 
moro ludicrous still: Skirving is 
come! ’ ” This odd, but clever 
artist died at Invereslc, near Edin¬ 
burgh, in 1819, at the advanced 
age of seventy 
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which had been spent in hard work; still his death was 
premature, and in the caso of a man of such useful gifts, 
it’ was much to bo lamented. Ho himself held that life 
was made for work; and he could never bear. to bo idle. 
Work was with him not only a pleasure,- -it was almost a 
passion. Ho sometimes mudo business appointments at as 
early an hour as five in tho morning, and would eontinuo 
incessantly occupied until late at night. It is clear that 
the most vigorous constitution could not long have borno 
up under such a tear and wear of vital energy as this. 

Ho was very orderly, punctual, and systematic, and 
was lienco enabled to get through such an enormous 
.amount of business. No matter how numerous were the 
claims ujjon liis time, nothing was neglected nor hurried, 
nis reports were models of what such documents should 
be. They sot forth all the facts bearing upon tho topic 
under consideration, in great detail; but with much plain¬ 
ness, forco, and clearness. ITis harbour reports were espe¬ 
cially. masterly; in them ho elaborately stated all tho 
known facts as to tho prevailing winds, currents, and tides, 
usually drawing very logical and conclusive inferences as 
to tho particular plan which, under tho circumstances, ho 
considered it tho most desirable to adopt. In his estimates 
he was careful to conceal nothing, stating the full sum 
which in his judgment the work under consideration wonhl 
cost; nor would he understate the amount by one farthing 
in order to tempt projectors to begin any undertaking on 
which ho was consulted. 

Ho took tho highest ground in his dealings with con¬ 
tractors. He held that the,engineer was precluded by his 
position from mixing himself up with their business, and 
that if ho dabbled in shares or contracts, either openly 
or underhand, half liis moral influence was gone, and his 
character liable to be seriously compromised. Writing to 
Flayfair at Edinburgh, in $816, he said—“Engineers 
should bo entirely independent of these connections—not 
dabblers in shares—and free alike of contractors and 
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contracts.” By holding scrupulously to this course, Mr, 
Bennie established a reputation for truthfulness, honesty, 
*and uprightness, not less honourable and exalted than his 
genius a3 an architect and an engineer was illustrious. 

Ho was a man of powerful and equally balanced mind— 
not so olever, as profound ; not brilliant, but calm, serene, 
and solid, like one of his own structures. While he lay 
on his deathbed, his last letters to his assistants urged 
upon them attention, punctuality, and despatch—qualities 
which he himself had illustrated so well in his own life. 
In his self-education he had overlooked ho branch of 
science cultivated in his day; and in those which boro 
more especially upon his own calling, his knowledge was 
well-arranged, complete, and aoeurate. 

Withal he was an exceedingly modest, unprotending, 
and retiring man. nis great aim was to do the thing he 
was appointed to do in the ‘best possible manner. He 
thought little of fame, but a great deal of character and 
duty. ‘If his time was so entirely pre-occupied that he 
could not personally devoto the requisite attention to any 
new undertaking brought before him, he would decline to* 
enter upon it, and recommended tho employment of some 
other leading engineer. Ho considered it his dyty himself 
'to go into the minutest details of every business on which 
he was consulted. Ho left as little as possible to subordi¬ 
nates, making his calculations and estimates himself; and 
he wrote and even copied his own reports, perhaps im¬ 
proving them in the copying; deeming no point, however 
apparently unimportant, beneath his careful attention and 
study. 

Hence great reliance was jifaeed upon his judgment by 
thos3 who consulted lri m » and the accurate though com¬ 
paratively reserved manner in which ho expressed liimself 
before Committees of Parliament, gave all tho greater 
weight to his evidence. V What I liked about Rennie,” 
says one who knew him well, “ was his severe truthful¬ 
ness.” When under examination on such occasions, he 
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could alwayB give a strong clear reason, in support of any 
' scheme he recommended, based upon his own caroful 
preliminary study of the whole subject. But when asked* 
any question outside the lino of his actual knowledge, he 
had the honesty, to say at once, “ 1 do not know.” IIo 
would not guess nor attempt to givo ingenious answers 
to show his cleverness, nor act the special pleader in the 
witness-box, but confine himself solely to what ho posi¬ 
tively knew. 

>In the course of his professional career, Mr. Rennie ex¬ 
perienced the great advantage which ho had derived from 
his early training as a millwright. His practical know¬ 
ledge enabled him to select tho best men to carry out his 
designs, and he took pride and pleasuro in directing them 
how to do their work in tho most efficient manner. His 
manufactory was indeed a school, in which some of tho 
best mechanics of the day received a thorough training in 
machine work; and many of his workmen, liko t bimsclf,. 
eventually raised themselves *to tho rank of largo em¬ 
ployers of skilled labour. Mr. Rennie was nover ashamed 
to put his hand to any work where he could teach a lesson 
or facilitate despatch, and to tho end of his careor ho 
continued as “ handy ” as he had been at tho beginning. 

A curious' illustration of his expertness at smith-work 
occurred during a journey into Scotland, when on his way 
to visit tho Earl of Eglinton at Eglinton Castlo. IIo 
went by the stage-coach, in company with somo Ayrshire 
farmers and one or two rather important “ Paisley buddies.” 

When travelling over a very bad piece of the road, tho 
jolting was such as to brealj the axletrec of the coach, and 
it came to a stand on a solitary moor, with not a house in 
sight. Mi*. Rennie asked the coachman if there was any 
blacksmith near at hand, and he was told there was one a 
mile or two off. “ Well, then, help me to carry tho parts 
of the axle there, and I’ll sco$;o its being mended.” The 
blacksmith, however, was not at home; but Mr. Rennie 
forthwith lit the forge firo, blew the bellows, and with 



380 * RENNIE’S LAST WORKS. Chap. XI. 

a 

the rather clumsy assistance of one of his fellow-passengers, 
he very goon welded the axle in a workmanlike manner, 
helped to carry it hack to the coach, and after the lapse of 
a few hours the vehicle was again wheeling along the 
road towards its journey’s end. 

Mr. Rennie’s fellow-passengers, who had been communi¬ 
cative and friendly during the earlier part of the journey, 
now became very reserved, and the “ boddies ” especially 
held themselves aloof from “ the blacksmith,”, who had so 
clearly revealed his calling by the manner in which he 
had mended the broken axle. Arrived at their journey’s 
end for the day, the travellers separated; Mr. Rennie pro¬ 
ceeding onwards to Eglinton Castle. Next morning, when 
sitting at breakfast with his noble host, a servant entered 
to say that a person outside desired to have a word with 
the Earl. “ Show him in.” The person entered. Ho 
proved to be one of Mr. Rennie’s fellow-travellers; and 
great ip deed was his surprise and confusion at finding tho 
identical blacksmith of the preceding day, breakfasting 
with “ my Lord ” ! Tho Earl was much amused. when 
Mr. Rennie afterwards described to him tho incident of 
the mending of the broken axle. 

One of his few hobbies was for old books; and if he 
could secure a few minutes’ leisure at any time, he would 
wander amongst the old book-stalls in search of rare- 
volumes. Froissart’s and Monstrelet’s ‘ Chronicles ’ were 
amongst his favourites, and we find him on one occasion 
sending a present of duplicate copies to his friend Whidbey, 
accompanied with the wish that ho might derive as much 
pleasuro from their perusal as ,ho himself always did from 
reading “honest John Froissart.” He also commissioned 
his friends, when travelling abroad, to pick up old books 
for him; and in 1820 we find him indulging his “ extra¬ 
vagance,” as he termed it, so far as to request Sir William 
Jolliffe to bring 300Z. worth of old books for him from 
PaVis. 

Although Mr. Rennie realized a competency by the 
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piactice of his profession, he did not accumulate a largo 
fortune. The engineer was then satisfied with a com¬ 
paratively moderate rate of pay, very different from the 
slashing charges of modem railway engineers. 

We do not wonder that Mr. Rennie complained of the 
small remuneration of 350/. awarded to him by the Kennot 
and Avon Canal Company for constructing their canal 
works; and wq arc surprised to find his bill against the 
Manchester "Waterworks Company for liis year and-a-half's 
advice and service, amounting to only 150/. In., his charge 
to them for a whole day’s labour being only six guineas. 

Mr. Rennie’s charge of seven guineas for an entire dav’s 
work, was afterwards objected to by General Brownrigg, the 
1 lead of the Ordnance Department. “ Why, this will never 
do,” said the General, looking over the bill; “seven guineas 
a-day ! Why, it is equal to the pay of a Field Marshal!” 
“ Well,” replied Mr. Rennie, “ 1 am a Field Marshal in 
my profession; and if a Field Marshal in your line had 
answered your purpose, I suppose you would not have sent 
for me!” “Then you refuse to make any abatement?” 
“Not a penny,” replied the engineer; ami the bill was 
paid. 


Mr. Rennie was blamed in bis lime for the costlimss of 
his designs, and it was even alleged of him that he carried 
iiis love of durability to a fault. But there is no doubt 
iliafc the solidity of his structures proved the best economy 
m the long run. Elevated bv bis genius and his eon- 
sciontiousness above the thoughts of immediate personal 
gain, no consideration would induce him to recommend or 
countenance in any way the construction of cheap or 
“ shoddv ” work. ‘ 

He held that the engineer had not merely to consider 
the present but the future, in laying down and carrying 
out his plans. Hence liis designs of docks and harbours 
wero usually framed so as to J>e capable of future exten¬ 
sion; and his bridges were built not only for bis own 
time, but with a view to the uses of generations to come. 
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In fine, Mr. Eennie was a great and massive, vet. a 
perfectly simple and modest man; and though his engineer 
ing achievements may in some measure have been for¬ 
gotten in the eulogies bestowed upon more recent works, 
they have not yet been eclipsed, nor indeed equalled; and 
his London bridges—not to mention his Docks, Harbours, 
Breakwaters, and Drainage of the Fens—will long serve 
as the best exponents of his genius. 

The death of this eminently useful man was felt to be 
a national loss, and his obsequies were honoured by a 
public funeral. His remains were laid near those of Sir 
Christopher Wren in St. Paul’s Cathedral, the dome of 
which overlooks some of his greatest works. 
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ing a ferry, do ; bridge of wood. 
(JO; its rebmlder, til; its founda¬ 
tions, 01-2; tinishcd, 02; its 
description, 08; the houses over¬ 
hanging it, 01; its drawbridge, 

I Ob ; Sine.iton’s improvements in, 

, 141. 

-, New Fridge, 07, 300. 

Long Ferry to (Iravesend, 19. 

| Lustwithiel Chureh, 121. 

Lothian, East, roads in, 181 ; tann¬ 
ing of, 18b, ‘2d'2. 

Lime, Harrison’s bridge over, 217 , 
Rennie’s n.piediiet over, 237. 

Lyme Regis Cob, 1 I. 

MAtrr.r.si-'ii.Ln, Lonl, «m Smeaton, 
lid. 

Machinery at Albion Mills, 220. 

Mail Coach, lir-4. 228. 

Manner's Compass, Siiientoil’s im- 
pro\enienfs m, ', 14 . 

Marshland Fen and Drain, 2bb, 

Mediaimal Arts m Scotland, 188; 
mlv.-mt iges of Mechanical educa¬ 
tion, 190, 379. 

Medway, Rennie's proposed impiovc 
meat of, 81b. 

Meikle, Andrew, 191; Rennie ap¬ 
prenticed to, 19‘J; a millwright 
at. Houston JlilI, 200; invents 
the thiaslMiig-macIime, 20.> ; the 
first machine, 207 ; improve- 

# windmill--, 2dd ; washes away the 
Kincardine Moss, 210; his me- 
ihameal inventions, 211; liiselu- 
r.u tci, 211. 

Menai Stiait., Rennie’s pioposeu 
Fridge over, 201. 

Mills, Smeaton’s paper on. 94; 
erectid hy Smeaton, 1(52; by 
Rennie, 218, 22 L 227, 829, 332L 

Military Canal, llythe, 330. 





int>j:x. 


387 


MINT. 

Mint, Ronifie's machinery .it, 227. 
Monmouth Bruise, .m-d. 
Musselburgh Budge, 2d 1. 

Mylne. Lnginoor of Bl.u kfri uv. 

Uriilijt*, 71. 

Kapolkon’s opinion of Plymouth 
Break wot or, dal. 

Navy, Comniercnl, 2-. 5. ‘JUS. 

■ , Koval,d ; iioik\.l!>ls ot, .‘Via ; 

stupidity uf Xaxal Board, dbo. 
Nohio liner, Wisheach, 1..S 
Neuilly Brid^f, 2iJS (notr). 
Newbridge, Pout-y-Pi aid at. 71*. 
Newcastle, lioni.in bridge al, 1J, Mi. 
Newcmmui’.s engine unpriced liy 
Smeaton, 192. 

Now London Budge. d99. 

Nicbolson, lVror. 212. 

Non*, Light at, Id L 
Noise Lighthouses, id. 

Northfleet, Kennie's ] imposed d^cks 

i *i»7 

al, !>.><• 

North Lom‘ 1 Brain ige, Sinratoi’s 
Repoi f on, 1 17 ; llomne's Ilepmt 
on, 2 Li. 

Nort li-Wost Pass i_o-, i 
Norwich Bridge, >1. 

Ousr, Ronnie’s nnpnnement of, 
J.M 

Outfalls, lh nine's di.nnige by im- 
prn\ ed, 219, _»is, 2.‘in, 2‘»d; Lau 
Brink, 2o9. 

Ovuiy, London Bridge, 54, titi. 
Oxenlord (Oxford), -In. 

Pmsli.v 1>o.l.ho-,” .>7‘.'. 

Parish iSchu'ds of S. ot l,m I, t^4. m 
Palmei’s M nl <'o, k1)o-, 22 i. 

Perry's Boi k, Bl.u kwall. 224, .52'). 
Perth Bridge. 72, 1-Id. 

Peter of I’ob'cliureli, (il, 

Pickernell, Kesjdeut Pngin.-cr of 
Hexham Bridge. 1 •> 1. 

Pirm v on the Lngli'h CnM, 1-7. 
Phantmsie. is:;, 192, 2<i.S, 2Id, 219. 
I'i.arof. *Si.’ Light Iioum?. 


Rt:\\n:. 

Pitch-pot he.ic ns, 

■ l’Iun<lorers ot goods on the Tiiame.s, 
294. 

Pi\mou»h. 97 ; line it, 127 : dm k- 
y ai d at, .id I, d. it i: break u a ter at, 

dll. 

Pnnt-y'-Pndd, Kd wards’s luidgo at, 
74; Kennie's opinion of. 2dS. 

Pontvli.let. Lorn.in budge.it, IL 
Portsmouth. Kennie's lb-port on, 
»4 , I . i • i „ 

Post Bridge, Bart moor, Id. 
Prestonkn k Si liool, | !• 1 -5. 
Prestonpans, li.-ld of 2d !. 

Priine’.s Bo, k, l.neipmd, d44. 
Pumping Kngiues, Smeaten’s, 142, 
192. 

, <>t VUANTIM. IMablislinieiit, .1 ;2. 

Qneenshen v. Buke and Dnehe.s.s of, 

; 174. 

K ur,w VVS, Kenme and, 2dS, 

K.ileigh’s Pnaey , 7. 

1 ‘ K.ilpli 1 lie llo\ei.Senthev’s InlJ.nl, 

; 2S i. 

Ramsgate IT 11 Imiii r. 151. .121. 

1 Kenme, d-dm, birt li and Ini thplaee, 

1 IS!; tlx- Ki-nnie j.imih, 192; 

.loiui s lose oft on -I i net ion, 191 ; 
his edii>ntioii, I'».*»; apprenticed 
to And lew Meikle, 149; m-iiI to 
I Mini) .r S. hool. 1 ‘ * I - is olb-ied 
the appointment, ot' teo-licr. I9S; 
be 9 ns biisinesi as a m.llwiiglif, 

2L’>; a --indent, ,9 Ldmb'iigh 
College, 211; injinmt nice with 
Piol.-s-nr lb.bison, 2ld; Imij 

thiougli LiuBnd. 217 ; niter\lew 

w it h dailies V aft, at Ihi nuiigli.ini, 
217; Lenioe'.s Inst bridge, 2IS; 
Ib'imie at Birmingham, 21‘4; 
Kenme in London, 222; at the 
Allium MilL, 224; Albion Mills 
- burnt, 22S ; his workshops, 220 ; 

*' Kenme and L »rl Stanhope, 29.0; 
const rin ts K.-nnet and A von Canal 
2M2; Rochdale Canal, 2d.d• Lan- 
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INDEX. 


REVKSBY. 

caster Canal, 236; Royal Canal, 
Ireland, 238; Drainage of the Fens, 
240 ; Rennie's Bridges, 259 ; Pro¬ 
fessor Robison's visit, 259; Water¬ 
loo Bridge, 267; Blackfriars 
Bridge, 2*17 ; the Bell Iioek Light¬ 
house, 284; Rennie’s Docks and 
Harbours, 298, 321; London 
Docks, 303, 304; Government 
works, 329; Plymouth Break¬ 
water, 347; Last Works, Death 
and Character, 360-82. 

Revesby Lodge, Sir Joseph Banks 
and, 244. 

Roads in East Lothian, 184; im¬ 
proved after 1784, 223. 

Robison, Professor, 215, 259. 

Rochdale Caiial, 233. 

Rochester Bridge, Roman, 44; 
Mediaeval, 52. 

Roebuck, l)r., at Carron, 147. 

Roman Bridges, 44. 

Royal Canal, Ireland, 238. 

-Navy, 3; dockyards, 333-46; 

steam-power in, 364. 

Rudycrd, John, builds a Lighthouse 
on the Eddystone Rock, 103; 
Lighthouse burnt down, 108. 

Saltoun barley, 200. 

Saviour’s, St., Dock, 224. 

Scotland, Ronds in, 184; Agricul¬ 
ture in, 185, 201; low state of 
Engineering and Mechanical Arts, 
186, 216. 

-, Parish and Grammar 

Schools of, 189. 

Sea-coal, prejudice against use of, 16. 

Sea Fishing, Dutch, 5. 

Sheerness Docks, 340. 

Sheet-piling, 146. 

Shipping of the Thames, 2-9, 298. 

Shoemaker and the Royal Canal of 
Ireland, 239. 

Skerries Lighthouse, 36. ^ 

Skirving, Archibald, portrait pain¬ 
ter, 375. 

Smalls Rock Lighthouse, 36. 


swithin’s. 

Smeaton, John, boyhood and ednjcp* 
tion, 85; amusements, 89, 90; 
learns the trade of Mathematical 
Instrument-making, 92; reads 
Papers at Royal Society, 93; 
travels abroad, 95; builds a light¬ 
house on the Eddystone, 110; is 
nearly drowned, 119 ; Smeaton 
on the Hoe, 127 ; the Lighthouse 
finished, 130; appointed Receiver 
of the Derwentwatcr Estates, 
135; extensively employed as 
Engineer, 136; his drainage- 
works, 139 ; improves Old London 
Bridge, 140; erects Perth Bridge, 
143 ; Forth and Clyde Caual, 144; 
erects Coldst ream Bridge, 145; 

works at Carron, 147 ; Banff 
Bridge, 148; Hexham Bridge, 
151; improves Ramsgate Har¬ 
bour, 154; Eyemouth Harbour, 
160; improvesSteain-engine, 162; 
private life, death aud character, 
164-179 ; hit. burial-place, 180. 

Smollett’s voyage to Dover, 21. 

Soho, Rennie’s visit to, 217, 220. 

Southampton Harbour, Rennie’s Re¬ 
port on, 320. 

Southwark Bridge, 277, 278-83. 

Spanish Armada, 4. 

Spurn Point Lighthouse, 161. 

Stangate Creek, Quarantine at, dd2. 

Stanhope, Earl, 23U; h\s steam¬ 
boat, 231. 

Steam-engine, Smeaton improves 
Newcomen’s, 162; Watt’s engine 
employed in driving machinery 
225; used in Royal Navy, 364. 

Steepinsrs River, a catchwater drain, 
254. “ 

Stephenson, Robert, his estimate of 
Smeaton, 177. 

Stevenhouse Mill, Bridge near, 219. 

Stevenson, Mr., aud Bell Rock 
Lighthouse, 286-97. 

Stratford, 39. 

Swithin’s, St., Bridge, at Win¬ 
chester, 45. 
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JTATTEItSHALL. 

TXTTERSHALL, Fens near, 241. 

Taff Bridge, 77. 

Tay, bridges over the, 72,143, 187. 

Teith, River, 210. 

Temple Newsam, Leeds, 102, 1G8. 

Thames, 2, 9; docks on the, 10, 
302; the silent highway, 17 ; 
Commerce of the, 298; Pirates of 
the, 299. 

Thrashing Machine, invented by 
Meikle^206. 

Todmorden, Canal at, 235 

Torquay Harbour, 512. 

Trajcctus, Roman, at London, 59. 

Trinity House, 35; lighthouses 
bought by, 98, 103, 128. 

Travelling by Sea, 18. 

Tour do Cordouan, 37. 

Tyne, East Lothian, 183. 

Wade Bridge, 52. 

Wainfleet Haven, 243. 

Wakefield Bridge, 54. 

Waldersea, 202. 

Wash, the, 247, 253. 

Waterloo Bridge, over Thames, 
267-77; the plans, 267 ; the 
foundations, 271 ; the centering, 


YOUNG. 

272; the keying, 273; the road, 
‘>75 

Watt, on Smeaton, 176; and Rennie, 
217. 

West Fen, Lincolnshire, 240-252. 
West India Docks, 302. 

Westminster Bridge, 67. 

Whidhey, Mr., 349. 

Whitby Harbour, 13 ; Phafos at, 
28. 

Whitworth, C.E., finishes Forth and 
Clyde Canal, 145; advice to Mr. 
Drummond, 210. 

Wick Harbour, 310. 

Wildmore Fen, 240, 245, 249. 
Winchelsea, Lighthouse at, 32. 
Winchester Bridge, 45. 

Winnowing Machine, 199. 
Winsianley, Henry, a mechanical 
* genius, 99; builds a lighthouse 
on the Eddystone, 99; is washed 
away by a storm, 102. 

Witham, River, 241, 250, 253. 

Yarmouth Harbour, 13; old pier, 
14. 

Young, Arthur, and the Lincoln 
Fens, 242. 


riiK END. 
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* SELF-HELP; 

WITH ILLUSTRATIONS OF CHARACTER, CONDUCT, 
AND PERSEVERANCE. Poet Svo. ■ b. 
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England, and of the universally v avourable reception which the Italian translation has 
received in this country* I. received a letter from Signor G. Barbara, in which he invited 
me to write a book similar to the English oae, but illustrated by Italian examples. I 
was much astonished at his thinking me equal to the work; but his valuable suggt ->tlon 
delighted me, and 1 accepted his proposal with muph cordiality."— Michels Lesson a, 
in Volere e Potere. 

“ ‘ Volein i Potere ' (' Will is Power ’). Such is the title of a very interesting popular 
work just issued by the eminent Florentine publisher, G. Barbera. The history of this 
production is rather curious. It may not be known that the most remarkable literary 
success achieved of late years Italy (where literary successes are the rarest of all 
events) has fhflon to ttio lot of Mr, Samuel Smile's admirable ‘Self-Help,’ an Italian 
version of which, published some time ago at Milan* has since gono through several 
editions, and still appears to be in continual demand. The idea of the book was a 
novelty for Italians, and the moral which it inculcates one so eminently deserving of 
being enforced upon all classes of the public in Italy, that the question soon arose 
whether it would not be advisible to extend the sphere of its utilityby promoting the 
publication of a similar book, specially designed for Italian readers, and in which the 
examples of patient industry and of untiring perseverance in the pursuit of a fixed design 
should be drawn from home materials. An association founded in Florence with the 
express object of stimulating the educational movement among the people, offered a 
prize of 3000 f. for the best production of the kind, and all the literary men of Italy were 
Invited to compete. M. Lessona, an agreeable writer upon popular subjects, has already 
entered the lists, and printed his work Volere & Potere ’) without waiting for the award 
of the committee appointed to decide between the rival competitors."— Standard. 

Une grande sagesse qu’on pourrait appcler la splendeur du bon sens, commc Platon 
ddfinissait le beau la splendeur du vrai,—tel est le caraetere qui distingue surtout * Self* 
Help.’ Ce livre, si popuUire chez nos voisins, rdpund admirablement aux idles de la 
famine anglo-saxonne. Recevra-t-il chez nous le mime accucil t Je 1 ’espfcre, mais il 
aura aussi, je le crams, plus d’un vieux prljugl k combattre. En France, n'a-t-on point 
trop compte sur les institutions politiques malgrl la durle Iphlmfere des gouvexnements f 
L'Etat peut faire du premier vena un ininistre: il ne saurait en faire un grand homme, 
il meme un fonctionnaire intfegre ct capabjp. Il est done bon de chercher h ij’autres 
sources ces Energies morales qui dlveloppent et rdgenirent les sociltls.”— Revue del 
Deux Monde*. 

“ Mr. Smiles’s book Is wise beyond the wisdom of any but a very few books that we 
have read. The chapter on the use and abuse of money we meet commence to the reader's 
own perusal. It is pregnant with practical wisdom, ana contains, besides, some excellent 
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long tuna.”—* Linder 
S. R. 
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CHARACTER^ 

« 

a A VOLUME OF NOBLE CHARACTERISTICS. Post 8vo. 6s. * 


OPINIONS OF THE PRESS , &*c. 

“ This work U so exactly fitted for a gift-book (and indeed a school-boy or a boy 
leaving school need desire no belter one) that we arc inclined to mention It here. Tne 
value of character above all mere intellectual culture, the blessedness of work, the necessity 
of courage and self-control, the sense of duty as the guiding star of life—these are some 
of the topics discussed in ‘ Character,’—not, however, as abstract propositions, but with 
the help of a store of illustrations drawn from the biographies of great men. The book 
possesses, if we may use the expression, a vital force, and can scarcely fail to stimulate 
the reader. The chapters headed ‘ Companionship of Books,’ and * Companionship in 
Marriage,’ will be read with special interest.”— Pall Mall Gazelle. 

" To the lovers of a pure and healthy literature, this invigorating and high-toned 
volume from the pen of the author of 1 Self-Help,’ wili afford real and genuine enjoyment. 
In the clear and attractive style which has rendered nis previous writings so deservedly 
popular, Mt. Smiles has here shown to what a height of mental and moral excellence our 
weak and imperfect nature may attain, and how much true nobility of character it may 

develop and sustain.The last two chapi^rs, on Companionship in Marriage ana 

the Uisuplme of Experience, fdtrn a fitting conclusion to so excellent a book, and are 
pregnant with interest and lessons of the highest wisdom. The breadth and soundness of 
the views enunciated in the former on some delicate but universally important topics an 
especially commendable, and should be read and pondered over by all who see a much- 
neglected source of happiness for the people in the clevntion of their home-life, and a 
more extensive cultivation of the domestic virtues.’’—Zm/r Mercury, 

“ Uniform in size with the author’s very popular ‘ Self-Help,’ this work is of the same 
tone and cast of thought. Believing that Character is a great power in the world, the 
author treats the various points in which it may be developed, or which call it forth. 
Hence, .ve have chapters on Home Power, Companionship, Temper, Marriage, Expe¬ 
rience, ai.J abundant citations of examples, _ so tnqt the work is full of interest. It is 
difficult i. ..eed to limit the good that may arise from these honest, earnest books, full of 
right th.;d;ing ; plain, sensible, and not too full of sentiment.”— Publisher r* Circular. 

“ Re ukn of ‘ Sclf-Ilelp’ will need no further inducement to send them in search of 

the new work bv the author of that charming book . It would be difficult to select 

a book men- admirably adapted as a present to a young man or young woman at the 
outset of I'ip The charm of the style is irresistible; the moral conveyed altogether 
uninuie’-h iMe.”— Manchester Courier. 

" The nu'hor of ‘ Self-Help’ has produced another little book which will soon run ovei 
the fere of the land, and help to inspire the rising generation with ennobling sentiments. 
In our b m< er fur facts, we must not overlook the value of ideas. While we are striving 
to give our voting people technical information, we must not omit to teach them to be 
truthful, li'L’h ihoughtcd, noble men and women. We must foster their abilities, but not 

forget l„h.. ter . Mr. Smiles, in this very charming volume, has brought together 

the opin.ous and sayings of good and wise .neu of all times, as to the various qualities 
which 10 form character. ..... The result is a valuable book, calculated as well to 
give delight as to do good.”— Builder. 

" Mr. Unites has been fortunate in the choice of his subject; and, as a work of wiso 
counsel and thoughtful instruction, the new book is quite as successful as any of its 
author’s previous works. Nor is it any less entertaining. It literally teems with apposite 
and interesting anecdotes, and the wnter’s style is at once so lively and dig nified, that on 
the one h*^d he never becomes dry however earnestly and seriously he discusses life and , 
duty; and, on the other; he never deg< ierate« into flippancy in his most ai»m«wg $u«. 
tral ions.”— Max* hotter EsrammST* 
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THRIFT: 

A BOOK OF DOMESTIC COUNSEL. Pest 8to, 6s. 

"Tftere is no book among the current literature of the day we would rather see in ^ 
young man’s hand than this. Although every person in his daily experience must meet 
with many instances of the folly of unthritt, especially among the poorer classes, the 
frequency of the text, and it is to be feared the disposition of the age, render the lesson 
valueless. Domestic economy as an art and a science is an unstudied subject, and one 
few writers have deemed worthy of their thoughts. We cannot therefore feel sufficiently 
thankful, that the able writer of * Self-Help' has turned his attention to it, and endea¬ 
voured, in language that has not only a literary charm about it, but bears the stamp of 
philanthropic earnestness, to rouse the interest, and thereby the reflection, of the British 
public in so important a matter of nation.il welfare. The dignity of labour, the necessity 
of inducing habits of saving, the wickedness of extravagant living, the dangers of pros* 
perky, 'Jind the want of sympathy between employers and employed, are topics on which 
Mr. Smiles speaks hard, and it may be, unp.easant truths, accompanied by a fund of 
illustration. Perhaps no part of the book is so valuable as the dissipation of the super¬ 
stitious belief in good-luck and the chapter on the art of living. We trust the work will 
be found in every village and pub.ic library, that its principles may be disseminated 
broadcast among our youth, and we can assure all that they may enjoy in it many an 
hour's .pleasant and profitable rAding.”— Spectator, 

" Mr. Smiles deals with some of the leading social questions of the day, such as Co¬ 
operation and Association. He sketches the sanitary movement, unsparingly satirises 
the feminine follies of fashionable circles, and, lastly, concludes with an admirable essay 
on what may be called the (esthetics of common life. Wc all know what a book from 
Mr. Smiles is sure to be, anecdotical, practical, and abounding in good seuse and every¬ 
day wisdom. — Academy . 


DUTY; 

WITH ILLUSTRATIONS OF COURAGE, PATIENCE, AND 
ENDURANCE. Post Svo. 6s. 

*‘The good which these books have done to their millions of readera is quite beyond 
computation. They have always bejn practical, wholesome, and inspiring/’—// ar/er'M 
Monthly Magazine. ** 

“ The author has produced an excellent hock, whirh for solid usefulness may well 
claim to be prejerred to the lighter productions of the lime.”— Fall Mall (mzette. 

“ Dr. Smiles has achieved the best work when, unimpeded by the conflicting claims 
of party or preiudice, he is able to pass in review those examples of bravery, self- 
I devotion, and what, in the best sense of the word, may be called heroism. . . . Nor 
1 does he forget to stir the hearts of his readers with examples of the dutiful love and faith 
of animal , and so move them to a more thorough s-cn>e of their reciprocal duty. He 
thus inculcates broad views vf duty to man and beast, that command universal approval 
and deserve unquestionable allegiance.”— E zantiner . 

“ The author writes as one who sympathises with the struggles and the failures of 
those who, in spite of difficulties, are trying to reach a nobler life. And it is this evident 
sympathy, associated with the maiily simplicity and directness of his style, his sterling 
good sense, his judicious counsel, and his immense fund of wisely-manipulated anecdote, 
that makes this voluAie likely to be not only popular, but thoroughly useful.”— Christian 
World. 

“The book is replete with all the attractions of its predecessors—so full of anecdote 
that it will be pleasant to the young as a stqfy-buok, while its lessons of wise counsel 
trill fit it eminently to guide its readers in their various paths through liia.”— The Queen 
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LIVES OF THE ENGINEERS; 

«- 

WITH AH 

ACCOUNT OF THEIR PRINCIPAL WORKS, 

INCLUDING A 

History of Inland Communication in Britain, and the Invention and 
Introduction of the Steam-Engine and Railway Locomotive. 

Vou L—Embankments and Canals—Verm uyden, Myddelton, 
Perry, Brindley. 

f> II.— Harbours, Lighthouses, and Bridges—Smeaton and 
Rennie. 

„ III.— History of Roads,—Metcalfe and Telford, 

„ IV.— The Steam-Engine—Boulton and Watt, 

H V.—The Locomotive—George and Robert Stephenson. 

With Portraits and 342 Illustrations on Wood. 

5 vols. crown Svo, 7 j. 6 d. each. 

%* Each Volume may be had separately. 


OPINIONS OF THE PRESS, <5*r„ 

ON THE FIRST, SECOND, AND THIRD VOLUMES. 

A chapter of English history which had to be written, and which, probably, no one 
could have written so well. Mr. Smiles has obtained a mass of original materials. It it 
not too much to say that we now have an Engineers’ Pantheon, with a connected narra¬ 
tive of their successive reclamations from sea, bog, and fen; a history of the growth of 
the inland communication of Great Britain by means of its roads, bridges, canals, and 
railways; and a survey of the lighthouses, breakwaters, docks, and harbours constructed 
or the protection and accommodation of our commerce with the world.”— Tines. 

“ We cannot but refer ut passing to the captivating and instructive volumes which 
Mr. Smiles has devoted to the * Lives of the Engineers,’ a record not before attempted 
of the achievements ol a race of men who have conferred the highest honour ana the 
most extensive benefits on their country. ' Who are the gteat men of the present age V 
said Mr. linght in the House of Commons,-*-* Not your warriors—not your statesmens 
they are your Engineers.’ ”—Edinburgh Review. 

“Mr. Smiles has profoundly studied, and has happily delineated in his lucid and 
instructive biographies, (hat remarkable succession of gifted minds which has, not by 
ludey guesses, but by incessant labour and by lifelong thought, gradually erected that 
nobie example of dominion of man over the earth—the science ot Engineering; and we 
.are proud to ,know that there are men yet among us who can wield the anus of the 
invincible knights ofold, and who will leave no meaner memory behind them .”—Quarterly 
Review _ k- 

* Mr. Smiles may fairly claim tb*» merit of having produced one of the most interesting 
and instructive wonts. He has discovered almost unbroken ground! and has worked 11 
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wtyl so much skill and success that his readers will recognise In his volumes an tHurtra* 
Son of the truth of Lord Macaulay's saying, that history, personal or national, may, 
when proper! jPwritteu, be rendered as interesting as any novel .”—Lotion Review. 

“;I« two handsome volumes, richly illustrated and luxuriously printed, Mr. Smiles 
begins what is in fact a History of the results bf Engineering Science in this country. 
He puts his history into the most interesting form by developing it through successive 
stone9 of the Lives of the Engineers. Alrhough his subject is* one of the most curious 
and important in the whole history of civilization, and abounds in details that are known 
to delight even our boys, the ground Mr. Smiles traverses is to a remarkable degree his 
own peculiar possession.”— Examiner. 

“ Two beautifully illustrated volumes, in which the biographical, historical, and media* 
nical materials are graphically adjusted, and in which we have presented to us a com¬ 
prehensive and minute record of English engineers and engineering, lly his narrative 
Mr. Smiles has better instructed us in our obligations to our benefactors. Tho 
whole theme is full of interest to all orders of nund; and »n iiMiig, his materials he has 
laboured to make his work as complete in every respect a> possible.”— British Quarterly 
Return/. 

"'In tracing the history of English engineering from the beginning, Mr. Smiles really 
gives a history of English civilization. He has produced a kind of philosophical bio¬ 
graphy, the progress of discovery and industrial conquest having necessarily a general 
correspondence with the mental development of the great representatives of man’s ex¬ 
ternal action. We think Mr. Smiles lias dune what was well wotih the doing, with skill, 
aith honesty, with purpose, and with taste.”— IV'estminster Review. 

“ The * Lives of the Engineers 1 are written in a clear and tlowing style, marked by 
good sense and enlivened by humour: they aie full of curious information, conveyed in 
u most lucid and easy description ; and each successive hero is drawn with an apprecia¬ 
tion of character, and a minute exhibition of personal traits, which sets the man almost 
visibly before us in nis distinct individuality, and lends to the history of hts struggling 
genius a touch of almost dramatic interest. To produce this result, much hidden labour 
must have been employed ; for it is the effect of a most careful selection and rigid con¬ 
densation of abundant though dry materials. Mr. Smiles has happily hit the mean 
between the barrenness of a brief epitome and the dreary wilderness of a maze of detail. 
What he gives is dear, intelligible, and interesting. Hut he has not trusted entirely to 
his literary excellence, great as it is; tiis volumes derive an additional charm from their 
numerous and happy illustrations. Every work of note which has to be described is 
accompanied by a map or plan; every district, ennobled by the birth or enriched by tbe 
[abouts < f an engineer, is maprieu on the margin of the page; and bridges, harbours, 
road-, ; ■.( aqueducts .ire turned by the skill of the artist into most effective decorations. 
The h’srory of the engineers is not only the history of great conquests over nature, but 
al$> of the triumphs of industry and genim, over the artificial obstacles of social rank. 
It , regents the most striking instances of tnat Self-help which Mr. Smiles has elsewhere 
chronicled. The full merits of these two charming volumes can be learned only from a 
perm d of them.”— The Guardian. 

“ Ynere may be many here who have made themselves acquainted with a book that 
cannot be too widely brought into public notice—l mean the recent publication of a 
popular author, Mr Smiles, entitled * The Liv cs of the Engineers.* There may be those 
here who have read the Lift of Jirindlcy, and perused the record of his discouragement in 
the tardiness of his own mind, as well as in the external circumstances with which he 
detci muled to do battle, and over which he achieved his triumph. There may be those 
who have read the exploits of the blind Metcalfe, who made roads and bridges in England 
at a time when nobody else had learned to make them. _ There may be those who have 
dwelt with interest on the achievements of Smeaton, Rennie, and Telford. In that book we 
see of what nv'tsr.iL Englishmen are rnafie. These men, who have,now become famous 
among us, had no mechanics' institute, no libraries, no classes, no examinations to cheer 
them on their way. In the greatest poverty, difficulties, and discouragements, their 
energies were found sufficient for their work, and they have written their names in a 
di 1 tmguished page of the history of their country.'‘—The Right Hon. IV. E. Gladstone 
at Manchester. 

"I have just been reading a work of great interest, which I recommend to your 
notice —1 mean Smiles’s * Lives of the Engineers.* No more interesting books have been 
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of George Stephenson,* and hir admirable little book on ‘ Self-Help ’—a most valuable 
aunual, — The Right Hon. Sir Steward Northerne *1 Exeter 




LIVES OF THE ENGINEERS 

OPINIONS OF THE PRESS ON VOL. IV. 

[THE STEAM-ENGINE—-BOULTON AND WATT.) 




" Mr. Smiles turn done wisely to link the names of Boulton and Watt together in 
the volume before us. The more we read of the correspondence between these two great 
oaen during the birth of the hew motive power, the more we feel convinced that the world 
aas to be thankful for their happy partnership. Boulton txemed by some happy chance to 
possess all the qualities of mind that were wanting in Watt. . . . From the heaps of 
dusty ledgers iri the counting-house at Soho, the author has drawn the materials for taesc 
deeply-interesting lives, and has so handled them as to. produce a volume which worthily 
crowns his efforts in this most interesting, because before untrodden, walk in literature. 
— Timts. , 

“ Boulton was the complement of Wattes active intelligence. . . . His is a memory of 
which the leaders of industry in Great Britain may well be proud. His virtues were the 
common virtues which render the English character respected throughout the world, but 
in him they were combined with admirable harmony, and were unsullied by any of those 
vices w'hich too frequently degrade tne reputation of our countrymen. We cannot read 
of Mr. Boulton's grand struggle to bring the steam-engine into further use without a 
feeling of pure admiration. . . . We lay down this volume with a feeling of pride and 
admiration that England had the honour of producing at the same time two such men, 
whose labours will continue to benefit mankind to the remotest generation, and with 
gratitude to the distinguished biograpliist who preserves for the instruction of the *im«» 
to corner pictures of them so full of life and reality.”— Daily News. 

" Mr. Smiles has been -nabled, by the examination of some hitherto unused papers, tc 
throw anew light upon much of Watt’s caieer and he has, shown much skill m using 
tfum so as not to become wearisome, and yet to give us a very full and interesting picture. 
There is, in fact, a certain dramatic interest about the early history of the great discovery, 
which Mr. Smiles has well brought out. . . . Boulton is a really noble character, to whom 
Mr. Smiles has done justice, and whose combination with a man of Watt's marvellous 
abilities, but defective practical talents, was of the greatest use to themselves and to the 
country.”—r Pall Mall Geuette. 

“ In this volume Mr. Smiles has published a highly interesting and judiciously-con¬ 
densed joint biography of the two men to whom England owes such an incalculable 
development of her wealth and power during the last century. ... Mr. Smiles carries 
pleasantly ul who Choose to read him carefully, through the history of the various im¬ 
provements engrafted by Watt on his original engine, and of the other scientific inventions 
upon which his fertile brain was perpetually at work. He gives, also, a curious and 
interesting account of the part taken by Boulton in the prevention of the frightfully 
prevalent crime of coining base money, through the application of steam-power to tM 
coinage of a far more accurately -struck currency in metal of a more intrinsic value.” 
Saturday Review. 

•” That Mr. Smiles's will be tne standard life of the great engineer is simply the 
necessity of his greater art as an industrial biographer. His skill in weaving together 
anecdote and description, rcureseriutiuns of what was known with t distinct specification 
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at what was contributed by his hero; his dramatic power, in this volume especially, 
exhibited id* the contrast of the two partners,—the sanguine, speculative ch&acter of 
Boulton the anxious, morbid, cautious temper of Watt,—one full of hope in the very 
darkest circumstances, the other full of fear in the brightest,—give the voluitfc a wonderful 
charm. The life of Watt is a great epic of discovery: the narrative of it by Mr. Smiles 
Is an artistic and finished poem."— British Quarterly Review, 

“We venture to think that this, Mr. Smiley's most recent work, will achieve even a 
higher popularity than those which have preceded it. We are imprest t>v this book 
with the iact that hitherto, however highly public speakers and writers may have lauded 
Watt and his achievements, the general public have really known little or nothing of this 
great man's history, life, apd character. These are admirably and graphically depicted 
in the volume before us; in the preparation of which the author appears to have had 
access to a vast mass of authentic documents, of which he has made excellent use."— 
Observer. 

" Mr. SmDes has told the tale of Boulton and Watt’s common struggles and common 
triumphs, in his clear, manly style, with sufficient anecdote to illustrate and enrich the 
narrative, and sufficient technical or scientific explanation to make his readers understand 
the naturq of the inventions and experiments which he records."— Westminster Review. 

" The tyro men are brought before us with all the distinctness of life. As the pioneers 
of applied mechanics, Boulton and Watt commend themselves to the special gratitude 
of those whose pursuits lie in the path wherein they first _ trod. So, too. in his degree, 
does Mr. Smiles deserve to be remembered for the services he has nmdered in thus 
embalming the records of those men to whom England owes so very much of her great¬ 
ness."— Mechanics? Magazine. 

“ By knitting into one narrative the lives of both men, so intimately related through a 
quarter of a century that they’could only be told as one story, Mr. Smiles has for the first 
bine worthily set forth the history of one of the most memorable manufacturing estab¬ 
lishments in the whole circle of English commerce. It was a thing well worth doing, and 
Mr. Smiles has done it with the sound knowledge, grace of style, and excellent purpose 
of which all his earlier books have given ample proof."— Examiner. 

" The story* of the labours of these two men is equal in power to anything tha. 
Mr. Smiles has written; and although there are numerous biographies of Watt, we are 
certain that there are none which will sq faithfully and vividly bring him before ihe eye a 1 
this. The * Life of Boulton,’ with which that of Watt is now inseparably joined, is one ol 
the most pe.fect contributions which die author has made to English literature.”— Glasgov 
Herald. 

" The lives of these two men, so variously but so richly endowed—the work which 
they did, ar.d the courage with which they met and overcame enormous difficulties—are 
more exciting than the story of a great battle. In fact, the two lives might be called the 
story of a great battle—the contest of genius and courage with the forces of nature, ir. 
which the former .obtained the victory. . . . The work is in every respect a worthy 
monument to the memory of the great men whose lives and works it commemorates.’’— 
Birmingham Daily Gazette. 

■* The author of this work is an enthusiast in biography. Of air his published books 
next to ' Self-Help,' this volume, lately issued, is his most interesting one. The extensive 
collection of Soho documents to which he 1 ms had access, has enablecLhim to add so much 
that is new and valuable to the story of his hero's career, that hereafter this biography 
must take the first place as a record of the great inventor.”— Atlantic Monthly . 

“A noble volume in everyway—in binding, paper, print, illustrations, and subject 
The * Lives of the Engineers ’ are a scries of biographies all Englishmen may read 
perhaps with some sadness, but certainly with grec.t pleasure aid pride."— Illustratea 
London Hems, 
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LIVES OF THE ENGINEERS, 

OPINIONS OF THE PRESS ON VOL, V. 

[THE LOCOMOTIVE—GEORGE AND RCBERT STEPHENSON.] 




“It is a singular fate that some of the world’s greatest benefactors should pass from 
the world with their history comparatively unnoticed .... and we rightly rejoice when 
the a claims of any of them are vindicated—wh ;n, from the hidden company of the 
Brindleys and Watts, men risen from the ranks to do world-wide service, and 
iqcidently to be the architects of their country’s later greatness, we can obtain the 
authentic history of such a creator as Geoige Stephenson. It is not too much to say, 
that Ly M r. Smiles, who has performed this office with eminent success, a considerable 
void is filled up in the page of modern history. We see the vast proportions of our 
modern achievements, and the epic story of this age of iron, more than half comprised in 
the feats of its strongest and most successful worker. The‘worker himself, with his 
noble simplicity and energy, his zeal for his kind, his native-born gentleness, and 
indomitable tenacity, would probably have been eminent in any age or condition of 
society ; but, in virtue of his actual achievements and the obstacles he surmounted, of his 
struggles and triumphs, we may designate him a hero, and ask, in defence of this 
arbitrary title, what real conditions of heroism were there wanting ? "—The Times, 

"We should like to see this biography in the hands of all our young men. One 
breathes a healthy, bracing atmosphere-in reading this book. It sets before us a fine 
instance of success in life attained purely in the exercise of genuine qualities. There was 

no sham about George Stephenson.He was a great nd good man, and we can 

give the ' Life ’ no higher praise than to say that it is worthy of its subject. Mr. Smiles 
is so anxious to place the character and career of Stephenson justly before his readers, that 
he quite forgets himself. . . . . We do not know that there ever lived an individual 
to whom each separate inhabitant of Great Britain owes so much of real tangible 
advantage.”— Fraser's Magazine. 

"Whether the remarkable character of George Stephenson, or the work which he 
accomplished, or the manner in which the story of both is here told, be considered, there 
is but one judgment to be pronounced upon this book, and that is an unqualified approval. 
There is not a youth in the kingdom, whether high-born or low-born, who would not find 
in its-perusal a healthy and elevating stimulus. The demand for the larger work, from 
which this has been condensed, has been so great, that we arc encouraged to believe that 
in this, its cheaper form, fit will have an enormous circulation. We earnestly hope 
it may. Let no youth or young man who may read these lines omit to procure it; as a 
possession, if possible; if not, for perusaL ”— Mechanics’ Magazine, 

" It is the fate of few men, even of those wha are the most signal public benefactors, to 
be known and appreciated by the generation in which they live. The fame of George 
Stephenson spread slowly, and, great as it hasafclast become,we cannot question that it will 
continue to increase with time. Not only is he a surprising example of a labourer raising 
himself to wealth and eminence without one solitary advantage except what he derived 
from his own genius; but the direction which that genius took has stamped his name 

upon the most wonderful achievement of our age.He died, leaving behind him 

the highest character for simplicity, kindness of heart, and absolute freedom from all 
sordidness of disposition. His virtues are very beautifully illustrated, and by no means 
exaggerated, in his Life by Mr. Smiles. . . . . There is scarcely a tingle page of tire 
wont which is not suggestive, and on whic^' it would not be profitable to institute Inquiry 
Into the results of past experience as compared with present practice. The whole ground 
It novel, and of the highest interest .”—'Quarterly Review. 
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THE HUGUENOTS: 

THEIR SETTLEMENTS, CHURCHES, AND INDUSTRIES W 
ENGLAND AND IRELAND. Crown Svo. V- 6* 


"The cunning of Mr. Smileys hand never fails him. He has chosen me prosaic side 
of Huguenot-history, and has made it as fascinating as a ro/nance. He has not essayed 
to depict the religious heroism or the social tragedy of the Huguenot story—he has re¬ 
strict# himself to the economical influence of its migrations, and he has made the statistics 
and genealogies—of which his work is full—as interesting as Homer’s lists of ships and 
heroes, or as Milton’s array of die demi-gods of hell. The process seems very simple 
and easy, but it can be saved from utter dreariness only by consummate art. Mr. hmiles 
has pursued his investigations with -a laborious minuteness worthy of the Statistical 
Society and of the Heralds’ College; and. yet it is as impossible to skip a page, as in 
reading his Life of Stephenson.’’— British Quarterly. 

" Avec un rare ddssintdressement national et un sentiment de justice gu’on ne saurait 
trap encourager, un dcrivain Anglais vient aujourd'hui rendre aux dirangers ce que la 
riche et laborieuse Angleterre du xix“* siecle doit aux Araugcrs. M. Smiles est I'historien 
de la vapeur et de toutes les ddcouvertes utiles; ses hdros sont les invcntcurs, les artisans 
cdlfebres, les ingdnieurs, tous ceux, en un mot, qui ont ddrobd h la nature un secret qu 
un force pour dtendre le rigne de l'homme sur la matiere. Les conquetcs de l’iadustrie 
et du commerce le prdoccupent bien autrement que les victoires des arm&s Anglaises 
.... Par la tournure de ses iddes et I'ordre de ses etudes, M. Smiles dtait done * 
prdpard h trailer cet intdressant sujet,—la naissanee des arts utiles chcz un grand peuple 
qui, h l’origine, n’avait pas d’indnstrie.”— Revue dee Deux Mondes. 

“ The work of Mr. Smiles‘embraces a subject which lias never been adequately treated, 
at least in English literature—the history, namely, of the French and Flemish Protestant 
refugees in this country, and their descendants. 

“Of the itowerful influence exercised by this immigration on our industry, commerce, 
arts, literature, even our usages and modes of thought, few are aware. The subject is 
by no means a familiar one among ourselves. The whole revolution, so to speak, took 
piace so gradually, the new population amalgamated so readily and thoroughly with the 
old, that people hardly attached to the phenomena which passed under their eyes theii 
real importance! Mr. Smiles’s account of it is, therefore, admirably calculated to impart, 
not only new knowledge, but really new ideas, to most of us. 

“ To readers who love to dwell on heroic vicissitudes rather than on mere details of 
economical progress, Mr. Smiles’s account of the persecution in France, the suflerings of 
the many and the marvellous escapes of the few, will prove the most attiactive part of 
his work. 

“ How this noble army of emigrants for conscience sake—the truest aristocracy, per¬ 
haps, which has ever developed itself—gradually and peacefully amalgunaied with thAt 
mass of the English people which they had done so much to enrich and to instruct, Mr. 
Smiles has fully shown. He recounts their euthanasia, if such it may be termed, as he 
does their rise. To one of the great cauges of their success, and not in England only, 
he does ample justice. They were, as a body, extremely well educated; and they 
jealously transmitted that inheritance, which they had brought from France, to their 
children. The poorest Huguenot refugee was almost always a cultivated man. Hence 
t heir great advantage in the fair race of industry.”— Pall Mall Gazette. 

“Mr. Smiles's book on f The Huguenots’ is an improvement on anything he has yet 
done, and it deserves a success which, by reason of its very merits, we fear if has no 
ehanr* of attaining. The subject breaks ground that may almost be called fallow. Many 
chapters of English history, and these not th^ least interesting or important, are for the 
first time written, with the care and breadth they deserve, bv Mr. Smilea."— London 
Review, 
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INDUSTRIAL BIOGRAPHY: 

■ 

IRON-WORKERS AND TOOL-MAKERS. Poet 8vo. 6*. 




OPINIONS OF THE PRESS, 

• • • 

"Mr. Smiles has hit upon a rich vein of ore, and works it with great success. He 
has the art of biography, which is by no means so easy of ^attainment as, judging from 
the number of persons who attempt this species .of composition, one would imagine it tc 
do. Memoirs are countless, but the number of biographies *rl*at can be accepted gs suc¬ 
cessful works of art are very few indeed. Mr. Smiles is not oly a skilful workman, he 
has chosen a new field of work. Hitherto the,great biographies have baen written of 
soldiers and sailors, and statesmen, poets and artists, and philosophers. It would seem 
as if these only were the great men of the world, as if these only were the benefactors of 
mankind, whose deeds are worthy of memory. The suspicion has. arisen that, after all, 
there may be other heroes than those of the pen, the sceptre, and the sword. There are, 
indeed, men in various walks of life whose footsteps are worthy of being traced; but 
surely, considering what England is, and to what we owe most of our material greatness, 
the lives of our Engineers are peculiarly worthy of being written. ‘ The true Epic of our 
time,* says Mr. Carlyle, ' is not Arms and the man, but Tools and the man—an infinitely 
wider kind of Epic.’ Our machinery has been the making of us; our ironworks have, in 
spite of the progress of other nations, still kept the balance in our hands. Smith-wonc 
in all its branches of engine-making, machine-making, tool-making, cutlery, iron ship* 
building, and iron-working generally, is our chief glory._ England is the mistress of 
manufactures, and so the queen of the world, because it is the land of Smith; and Mr. 
Smiles’s biographies are a history of the great family of Smith. Many of the facts which 
he places before us are wholly new, and are derived from the most likely sources. Thus, 
Maudslay’s partner, Mr. Joshua Field, and his pupil, Mr. Nasmyth, supplied the 
materials for nis biography. Mr. John Penn supplied the chief material for tne memoir 
of Clement.”— ITtmet. 

" 'This is not a very large book, but it is astonishing how much individual, conscien¬ 
tious, and thoroughly original research has been required for its composition, and how 
much interesting matter it contains which we poss- ss in no other form. Mr. Smiles 
rescues no name, but many histories, from oblivion. Ilis heroes :-.re known and 
gratefully remembered for the benefits they have conferred on mankind, but our know¬ 
ledge ot our b: nefactors has hitherto been mostly confined to our knowledge of the 
benefit. It was reserved for Mr. Smiles to discover in the workshop, heroes as true as 
ever hurled their battalions across a battle-fie’d, and to present us with much-enduring* 
much-endeavouring, and brave men, where hitherto we had been content with dis¬ 
embodied, almost meaningless names. The presi n t work is further distinguished, 
not indeed from its predecessors, but from^much of the rurrent literature, by the 
exquisitely pellucid English, the vigorous but unobtrusive style, in which the 
narratives are conveyed .”—Edinburgh Daily Review. 

"Who has not read Mr. Smilcsfs 'Lives of the Engineers'? Pleasant volumes, 
abounding in quaint strange stories of life-struggles, of battles fought and won by mind 
over stern matter, ay, and more difficult task, over the opposing intellects of men, 
often envious, and alwavs sceptical Mr. Smiles has established a world-wide reputa¬ 
tion as the champion of the engineer and the inventor. What matter that he sometimes 
acts the part of knight-errant, and couches his 1 ince in defence of those who have no 
claim on hip services, simply because they appear to enjoy scant justice at the hands of 
otheis.”—- Mechanics Magazine. 
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. LIFE AND LABOUR; 

CHARACTERISTICS OF MEN OF TALENT AND GENIUS. 

Post 8vo. 6 s, 




w Dr. Smiles's new work Is on the lines of ‘Self-Help,* ' Duty,* nnd * Thrift.* which 
have obtained an extraordinary popularity, not merely in the United Kingdom, but 

abroad, especially among the Latin nations.It cannot be gainsaid that works 

which meet with such a reception as this answer to a real need, and must do a large 
amount of good "—Athenaum. 

"As years roll on the author’s store of apt illustrations becomes ampler, while in the 
case of Dr. Smiles, his skill in dealing with them shows no failure. * Lite and Labour * is 
a companion volume to 'Self-Help* and ‘ Character,’ nnd its publication at this season 

will be regarded as opportune.No more suitable volume could be found (for a 

prize book) to bear the inscription, Laboris premium" — Academy. 


for arranging and displaying them. The ten chapters of which it consists are full of 
facts and examples, and though we have mentioned young people, we believe people of 
all ages and in all conditions of life may read them with pleasure and advantage.”— 
Queen. 

"All Dr/Smiles’s books have relation to man's destiny—his life, his work, his duty, 
and his achievements. Each book, singular to say, while possessing a characteristic 
peculiarly its own, forms a companion volume or connecting link to the whole series of 
works he has given to the world. After the production of that incomparable book ' Self- 
IIelp/ one would have thought it difficult to have written another woik bearing upon 
the same subject without largely entrenching upon the thought and matter of his first 
effort. But Dr. Smiles has astonished his friends and admhcis by the fcriility of his 
mind in the large stores of knowledge which lie has drawn upon in the production of so 
many works of such surpassing worth and interest. * Life and Labour ’ surprises us by 
Its freshness and originality. The author shows no lack of mental vigour or terseness of 
style. There is a brightness and beauty that places the volume on a par with his best 
productions. The interest of the hook is sustained from lir-t to last, without the least 
indication of flagging. The subject is not only inleristin , but highly instructive to 
young men who wish to make the best of their life and iheir labour. Here they will find 
wise counsels, timely cautions, and manly encouragements to help them in their battle 
of life ."—Christian Union. 

"Like every previous work from the pen of Dr. Smiles, this is what may be called a 
vital book—a book, that is, which is destined not only to live hut to mlluence the lives 
of its readers. J t runs upon much- the sadte lines as ‘Self-Help’ and ‘Character.* and 
contains many fresh instances of what can be accomplished by honest force of will and 
steady perseverance. . . , His chapter on'The Man nnd the Gentleman'opens up the 
whole question of industry and idleness, and is full o( stories, apologues, proverbs, and 
instances illustrating the advantages of punctuality, perseverance, method, and the 
husbanding of time generally. Nor is the necessity for leisure forgotten ; but it must be 
well-earned leisure, and leisure which fits for the renewal of work ."—Liverpool Mercury. 

“Perhaps the most valuable chapter in ‘life and Labour' is that on 'Over-Brain- 
work/ which should be cordially commended to the attention of all students, and yet 
more to the attention of all those who have to supervise the studies of other.)/'— 7 okn 
BulU 
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“^his is the latest of the series of useful books for the encouragement of the studious 
youth, for the compiling of which Dr. Smiles has a special genius. None of his later 
books ever achieved the reputation of hiS ‘Self-Help/ but ‘Life and Lajour* >vUl rank 
quite as high as any of the subsequent volumes, ‘Character/ * 1 hrift,’ or* Duty*' Dr. 
Smiles in this, as in all his books, preaches with strenuous force the same useful sermon 
as to the possibilities that he before those who bring force of will and steady perseverance 
to bear upon their life’s task. And he enforces his old lesson in the old way, by illus¬ 
trations from the lives of men. His latest book, like those which preceded it, is a 
marvellous compost of anecdote. It is a storehouse of facts, a very encyclopaedia of 
illustration, caret ully culled from the reading of a lifetime."—! Pall Mall Gazette. 

“Dr. Smiles has written an earnest, stimulating, healthy volume, bristling with sage 
counsels and enlightened by numerous illustrations from The lives of great workers. 
Many readers have, no doubt.been influenced for good by Dr. Smiles'practical and 
inspiring volumes, and this one is worthy of those which have preceded it, which is high 
praise. It is, indeed, a fine text-book of life, and all the better because it is readable 
and interesting. .... Thus in life there should be labour— i.e., occupation and industry 
—but there should also be plenty of rational recreation, and overwork should be deter, 
xnincdly avoided. This, it is true, is not exactly a new philosophy, but it needs repeating, 
especially when preached in such a cheery, lively, and interesting manner, and connected 
with so many wise maxims as to its application, as we find in Dr. Smiles’ new volume. 
For it is one thing to know a principle thoroughly, but another to be able to apply it 

wisely and usefully.”— Nonconformist. 

• 

“One of the chapters- in Dr. Samuel Smiles’s latest biographical melange is devoted 
to the * Hobbies’ of distinguished men—the modes in which they have been accustomed 
to take their pleasures after work was done- The chapter will probably be one of the 

most popular in the book.The old superstition, that genius was wholly solitsiy 

and self-centred, superior to the ordinary weaknesses of mankind, still lingers: and it is 
still a revelation to many to learn that those who attain eminence, and retain it, have 
occasionally to unbend, like less important and imposing mortals.’’— Glade. 

“One great advantage of Dr. Smiles's books is that you can open them where you 
please, sure to light on a cluster of shrewd sayings and anecdotal illustrations, out of 
which you are at liberty to draw your own conclusions. The volume before us is 
practically a further instalment of ‘ Self-Help,’ and, as such, designed to inculc.ite the 
virtues of thrift, industry, anti temperance; only, if the writer has met with a clever 
thought or a noticeable fact that might be perverted to contrary ends he is too much of 
a raconteur to withhold it. In the chapter on ‘Over Brain-Work,’ which is ‘to a 
certain extent the result of personal experience,' we are g'ad to see yet another protest 
against the system ot cramming; as to which a genuine worker has a particular claiir 
to be heard. Generally Dr. Smiles’s judgin-nts may be warranted to win the assent 
of a large majority of readers, and to run violently counter to the prejudices of few."— 
St. James's Gazette. 

“ * Life and Labour,’ is one of the most suitable Christmas presents we know of to be 
given to any young Englishman this. Christrnastidc. It is written with all the felicity 
of diction and wealth of anecdotical illustration and quotarion which characterise all 
Dr. Smiles’s works. There are touche-, of pensive thought fulness that bespeak the 
ripened experience of a writer who has done much to stimulate the self-helpfulness of 
two generations by wisely-selected snatches from the region in which philosophy teaches 
by example.’'— Northern Echo. 

“ Dr. Smiles has written nothing' 1 better than the work before us. Dean Ramsay 
Cannot tell a story better than Dr. Smiles docs, who excels the witty divine in making 
his stories the delicate feathering of truths that go straight as arrows to their mark, ana 
which all men are the better for having brought frequently befor. them. A book like 
this is an intellectual and moral force in a young man’s life of incalculable benefit.*— 
Shefield Telegraph. 
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LIFE* OF THOMAS EDWARD, 

(SHOEMAKER OF BANFF,) SCOTCH NATURALIST. 
Wire Portrait and 30 Illustrations. Small 8vo. 6 j. 


OPINIONS OF THE PRESS. 

“ The * Life of a Scotch Naturalist ' Is a record of success in unsuccess— of fame 
unmingled with any sordid advantage-—of work absolutely disinterested and done ‘ tor 
nought,’ as all the noblest work has been done. It is the story of a poor shoemaker 
who is a famous natural philosopher without ceasiug to make shoes, or attaining in 
his old age to any seat more easy than that of his familiar bench.”— Blackwood! t 
Edinburgh Magazine. 

“ In the evening of a life so noble, it is a coinfort to all the friends and admirers 
of Thomas Edward, to think that his exertions,in the cause of Natural Science have 
at last been recognized in a way that cannot fail to be grateful to the veteran 
naturalist, who will no longer have to rely on his ‘last’ as his resource against 
starvation,in his old age.* All readers, whether friends of science or not, are bound 
to be grateful to Mr. Smiles for having in a charming and beautifully illustrated volume, 
rescued the fame and character of Thomas Edward tram oblivion as a most ac¬ 
complished naturalist.”— Tutus. 

“ The biography of this remarkable man owes much of its charm to the manner in 
which Mr. Smiles has done liis part as narrator. The unobtrusive way in wliich the 
story is told, and the pleasant style of the smooth and experienced pen, deserve more 
than a passing word of approval.”— Saturday Review. 

“ This * Life of a Scotch Naturalist,’ regarding it as a mere narrative, is one ot tho 
most enjoyable books it has ever been our goud fortune to read. And it has this further 
merit. It shows what even the humblest and poorest amongst us may achieve, by the 
mere force of will, in spite of all the disadvantages of poverty, superadded to the wont of 
education and friends.”— Land and Water. 

“ Unmtul of interest fiom beginning to end.”— World. 

** This ' Life of a Scotch Naturalist ’ strikes us as Mr. Smiles at his best, in mood, in 
matter, and in manner. In Thomas Edward, a naturalist and north-country shoemaker, 
he has lighted upon a subject of a different order from the common. If ever a man was 
carried away by a subject, it has been Mr. Smiles on the present occasion, and the 
subject is fortunately quite worthy of him. The work is a credit to the head and 
heart of Mr. Smiles, and of Mr. Kmd, the Aberdeenshire artist”— Observer .. 

“ This book is clear, racy, unaffected, admirable, and certainly Mr. Reid’s * labour of 
love ’ on the draw, .gj cannot fail to draw {»rai-.e tor him from the highest quarters. As 
for the etched portra.t by Rajou, it strikes us as a simple masterpiece.”—Mwicoa/breiix*. 

“ Never has Mr. Smiles written with more of freshness and zest than in presenting to 
us the picture of this Palissy ot Naturalists, of whose portrait, etched by Rajon, no 
words of praise could well be too high. 11 ere is a man who, though shrewd and 
practical, never allowed worldly views to conflict with his ideal, who, in all simplicity, 
without complaining, or ignoble gr^cd of fame, followed his star, yielding a notable 
testimony, that, though Inquisitions art no iqore, Science still has its martyrs. A noble 
lejeon of unaffected humility here goes hanJb-haad with the lesson of self-help, end 
elevates i L n —Spectator. 
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LIFE OF ROBERT DICK: 

(BAKER OF THURS 0 ,) GEOLOGIST AND BOTANIST. 

With a Portrait and 50 Illustrations. Crown 8vo. 12s . 


" Robert Dick’s life, from beginning to end, was a series of struggles with adversity. 
Late in life, when his marvellous knowledge of local natural history became known, he 
enjoyed the correspundence of many eminent naturalists and collectors; but, among 
these correspondents, how few knew anything about his private circumstances; how 
few dreamed that while he was generously presenting' them with fossil fish from the 
Old Red Sandstone, or with rare plants from ilie flora of Caithness,—he found it hard 
—in spite of extreme frugality—to earn sufficient to support himself and his faithful 
housekeeper. * 

“ On the publication of Hugh Miller’s writings, Dick became deeply interested in 

E cology. His indefatigable industry, iad the energy with which he always threw 
imself into any new study, soon led to important discoveries. Many a new fossil was 
carefully hammered and chiselled out of the Old Red Sandstone, and duly packed off 
to Hugh Miller. . . . Another friead with whom Dick regularly corresponded was 
Mr. Charles Peach, of the Coast Guard Service. Mr. Peach is a man almost as remark¬ 
able as Dick himself, and we feel indebted to Mr. Smiles for having devoted a chapter 
to a sketch of his career. Those who enjoy M r. Peach’s acquaintance will also be glad 
to find in the volume an excellent portrait of this fine old naturalist. . . . The 
story here told is one of such absorb ng interest that, from the first page to the last, 
the author keeps his reader in deep sympathy with his hero. Mr. Smiles’s volume will 
be a more enduring monument to the scientific baker than the obelisk which proudly 
keeps guard over his grave in the cemetery at Thurso.”— Professor Rudler in the 
Academy. m 

“ Robert Dick was one of those rcmarVable men of whom our country is justly 
proud. Belonging by birfh, means, and position to the lower orders, spending a life 
of unceasing labour and not a little privation, earning his bread, to the last, by tho 
sweat of his brow—constantly on ' poortith’s brink,' lie yet, by dint of hard toil and 
indomitable perseverance, became an accomplished geologist and a profound botanist, 
and has taken a high and pci manent place among the eminent scientific men of the 
age. . . . Dr. bmiles has produced a deeply inlciestuig biograplij of this most 
laborious, unselfish, and modest Scottish worthy. We have read it with mingled 
feelings of admiration, sorrow, and indignation.”— North British Daily Mail. 

41 Mr. Smiles has shown us the familiar traits of a man as faithful and self-helping 
as any who were ever ruward< d with the outward success which takes the eye of tho 
world: a mnn who, though shrewd and practical, never allowed worldly views to con. 
flict with his ideal; who, in all simplicity, without complaining, or ignoble greed of 
fame, followed out the bent of his singular geftius."— Belfast Northern Whit*. 

** The story of a man quite as interesting as Thomas Edward, quite as self-helpful, 
and perhaps more gifted as regard^ thought: ccrtauily of a more poetical, meditative, 
and humorous turn. Dick is from first to last an original, not a n:er*- working geologist 
or botanist, but a man with a character distinctively his own alike in all his relation¬ 
ships ; and lie never speaks, never writes the simplest letter, but he casts modesty 
unpretentious light upon the very deepest problems. . . . The portrait of Dick ia 
etched with all M. Rajon’s peculiar powef giving at once the idea of great observation, 
fine thought, emotion, self-restraint, and pawky humour, as seen in the twinkle of the 
eyes that si distinguished the original of it. And little less can be said of the admirable 
portrait of Mr. Peach, whose life so nicely matches that of Dick. No more readable 
and attractive t^ook of the kind have we ever had in hand: let cur readers be sharers 
in our pleasure by procuring it."— Nonconfyrmist. 
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MEN OF INVENTION. 

Post Svo. dr. 

Phineas Pktt : Beginnings of English. Ship-bui’ding. 

Francis P. Smith, Introducer cf the Screw Prof -Lrr. 

John Harrison, Inventor vf the Marine Chronometer, 

John Lomkr, Introducer of the Silk industry. 

William Murdock: IIis Life and Intentions. 

Frederick Koenig, Inventor of the Steam-l'rinting Mac him. 

The Times : Invention of the Walter Press. 

William Clowes : Book- Printing by Steam. 

.Charles Bianconi: Self-Help in Ireland. 

'Industry ih Ireland: Connaught to Belfast. ( , 

Ship* Building in Belfast: Autobiography of MarionJ. 
Astronomers and Students in Humble Life. 


"Dr. Smiles has probably done more, by his. many interesting books, to uphold the 
dignity and power of labour than any other writer, lie is the jiro^e laureate o! Industry, 
and its captains have found in him one who is nut only enthusiastic himself, blit who is 
also capable of infusing others with a like enthusiasm. . . . We have no doubt that these 
latest chapters in the history of industry and scientific investigation will be quite as 
popular as their predecessors."*— The Times. 

“ Dr. Smiles has here added another to his valuable volumes on Industrial Biography, 
and one which is quite worthy of its place. In this instance, he has in many cases had 
to do with men svno did nothin the worldly sense, succeed; and who had to endure 
hardness in the cause of the common good. . . . The book is a rich storehouse of (acts, 
condensed to the utmost, and all presented with that rare and unaffected simplicity of 
style which has done so much to give Dr. Smiles the high place he holds iu literature." 
—British Quarterly Keview. 

'•Another volume of Industrial Biography by Dr. Samuel Smiles will meet with a 
general welcome. One of the best chapters is devoted to Astronomers and Students in 
’humble life ... . The book is throughout most readable and Instructive."— Contem¬ 
porary Keview. 

“The new wotk, entitled ‘Men of Invention and Industry,* contains an excellent 
account of the chequered career and hard fate of Koenig.”— Nineteenth Century. 

"Stories of the heroes of Industry, such as those which Dr. Smi’cs delights to tell, 
are contributions of some value to the best kind of educational literature. In tbo 
present volume Dr. Smiles takes a wide industrial range, illustrating each trade of whieh 
he treats by biography or autobiography.*'— Athenaum. 

" Generally speaking, a succis da time is all that is accorded tosolid and improving 
books, while popular enthusiasm is aroused only by works of fiction. But Dr. Smiles 
forms an exception to this rule. His books aic read as easily as novels, nor is it difficult 
to tell why. Mankind^oves a story, and Dr. Swilis inasks his batteries behind a series 
of well-told tales, in which the moral is ne 'er obtruded, but, as it were, held in solution, 
and swallowed unconsc'ously. Ilis heroes, too, have the very qualities which win the 
esteem and excite the emulation of Englishmen: they are uniformly brave, honest, 
laborious, and persevering ; and the teaching of their lives is, that without these mbral 
qualities, no more mental superiority avails. The author’s reflections and generalisa¬ 
tions are few and short; but so wise, so incontrovertible, as to strike home and be 
remembered* Add to all this a direct, telling style, entirely free from affectation, and 
the triumphant success ol ‘ Self-help,’ * Lives of the Engineers,’ &c., is explained. The 
volume, entitled ‘ Men of Invention and J idustry,* is in every way worthy of it* 
predecessors.”— Economist. 

•’ * Men of Invention and Industry* is, in oar judgment, one of the best price books of 
the season. It is every whit as interesting as * Lives of the Engineers* and * Industrial 
Biography,* and higher praise we cannot award it. Most of the names, Phineas PtU, 
Francis Pettit Smith, John Lombe, William Murdock, Frederick Kpenig, Charles 
Bianconi will be new to mcs>t readers. Tulit alter honoris woutd be an appropriate 
cl otto for the book.”— Journal of Education. 
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’ THE STEAM HAMMER. 

€» 

Autobiography of James Nasmyth. 

Illustrations, post 8vo.» 6f. 


V Fine Paper Edition, with Portrait and Illustrations, 8vo., 16*. 

The whole range of literary biography may be searched in vain for a more intcrest- 

-a _r- j— — r ul, successful, and happy life, than is-— J 1 — * u “ J “ 

imes Nasmyth. Starting in life on 
and within which he lived), at th« . _ 

eight, James Nasmyth had accomplished fame and fortune, and retired from activ 
business. Long may he live to enjoy the fruit of the work of h.s skilful and industrious 
hands I”— The Edinburgh Review. 

*' We should not know where to stop if we were to attempt to notice all that is in¬ 
structive and interesting in this volume. It will be found equally interesting to students 
of human nature, to engineers, to astronomers, and even to archaeologists. Among 
other merits, there are few books which could be put with more advantage into ayoung 
man’s hands, as affording an example of the qualities which conduce to legitimate 
success inrwork. Mr. Nasmyth has done his generation a great service in publishing 
this modest but most instructive autobiography. It must always be one of the most 
interesting records in the history of mechanical engineering: and it is not less valuable 
as a picture of some of the soundest and pleasantest human nature with which we have 
aver Become acquainted."— The Quarterly Review. 

** It would be an easy and agreeable task to wander through the pages of this Auto¬ 
biography, obtaining here and there illustrations of the character of the writer, 
anecdotes of the many great men with whom he came into contact,, glimpses of the 
practical sagacity which governed his own conduct in life. The exigencies of space 
forbid the indulgence, and we can only advise our readers to procure the volume for 
themselves. .There are, notwithstanding, a few things which must be noticed. There 
run through it certain veins of garrulity, of unconscious egotism, and of the simplicity 
of genius, which justify the belief that the great mechanic has been permitted, in the 
main, to tell his own story in his own words and way. There is one. more-pleasant 
feature which should be mentioned, and it is the tone of hearty appreciation of excel¬ 
lence, whether moral,.intellectual, or technical, which pervades the volume.. Nasmyth 
became acquainted with many great and good men, and lie speaks of their greiftness 
or of their goodness with unstinted admiration. From the first page to the last there 
Is neither a word of personal censure, nor a stain of jealousy or animosity. Close com¬ 
petition and keen rivalry seem to have left no traces upon his mind, and he has an 
approving word for every contemporary who is mentioned at all. Such, in brief outline, 
is the history of James Nasmyth, whose autobiography, edited by Samuel Smiles, is 
now before us."— The Times. • 

“ An autobiography which is quite a model, both In charming simplicity of style and 
in modest self-effacement. . . . One of the pleasantest and most interesting books we 
hate met for many a day."— Globe.^ 

'* A singularly interesting volume; a most interesting and suggestive book."—Daily 
Telegraph. 

“A pleasant record of an interesting life. ... It would be impossible to give any 
notion here of the unceasing activity oimmd which gives life to every page of this book; 
nor can we even hint at the number of coarming little mechanical * dodges* contrived 
tor all manner of purposes by Mr. Nasmyth in his odd moments. Those who take no 
interest in such matters—and we think they are to be pitied—will find much pleasant 
matter in Mr. Nasmyth's record of passing scenes and events; and we can congratulate 
him on haviag^uoduccd a well-written account of a most interesting life."— Saturday 









